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AC1 IVE PHOSPEORIC ACID AND ITS RELATION T O  THE 
NEEDS OF THE SOIL FOR PHOSPHORIC ACID 
IN POT EXPERIMENTS. 
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This is a, technical 1,111 lei in ant1 in tenclecl primariiy for scien- 
readers. ' r l~e  conclusions here reporteil, however, are of con- 
qhle p o p ~ l a r  significance x1~11cn applied to the soil of Tesas, 
all be the ol)ject of n later 1)ulletin lo erplain. 
e work here presented falls naturally into tn-o parts. The first 
deals with the l~llosphoric acid in thc soil, ant1 attempts to 
ver the naturc of tlie coml~ouncls in the soil fro111 ~vliic11 phos- 
c i~ciil is clissolvecl 1,- nreali acicl sol\-ents, and the significance 
lie extracted ~~liosphoric a id to tlie clwmistry of the soil. 
'11e ceconrl part tleals with an extensive wries of pot esperi- 
lts, and the relation 1,ctxeen tlie results of these experiments. 
..,.. the analysis of tlie soil ~ r i t h  fifth-nonnal nitric ;icid. 
By "actire phosphoric acitl" wc nwan the l)l~os~!lo~.ic acid solul)Ie 
in fifth-aorn1a1 nitric. acid. In  using this tern1 in this way we (1;) 
not jntecd to  con^-^^ tllc itlca that  thc phoy~lloric acid so1ul)le in 
,-"I1 
norm81 nitric acicl ii: a11 tlle pliocplloric acid of significallce 
e plant. 
FACTORS OF .lTATl,.lRIT,ITY OF PLANT FOOD. 
e amount of any given plant fooil ~vlijch is withilra~vn froni 
)il by the plant, does not  depcncl upon one condition only, lrut 
pendent upon ancl conditioned 1,y a nunll~er of the factors. 
?s, Amer. C'111c111. Jour.  32. 190-2.) T l i ~ s e  factors may 1,e 
groizpil as follows : 
(1) The qunntit? of the clement present a t  the beginning of 
the growing season in fo-rnis of coml~ination ~vhicll can he partly 
or cc~n~plctely ab:orl,erl 1,:- the plant. 'I'his 1 1 1 ~  lre calleel c? t~~n ica l l? j  
m v i l ~ b l e  plant foorl. 
( 2 )  The c~nclifion of t11e soil particles. Compouncls chen~ict~ll!. 
r~vailai)lc, 11c cncloscrl in the soil lmrticles so as not to he es- 
posed to the action of plant roois. S~c11 ~ 0 n l p o ~ 1 1 ~ 1 ~  are p7r~/sica77?, 
1t.ruxz.rrila,b7~. If the encrusting substance is removeel, such hodies 
l~ecome chcmirally arailable. 
( 3 )  The ninount of tlie 13lant food tral~sfornlecl rlnring t l i ~  
growing season into forms of com1,ination ~vIiic11 can be al~sorbetl 
I)? plants. T h i ~  factor is certainly of importance ~ ~ * i t h  respect t n  
nitrogen; its importance in the case of phospl~oric acid and potash 
is apparently not so great but the matter rquires study. This 
facior may be called ?ueaiherin,g availability. 
(4) The nature of the plant. Plants differ in both their capac- 
ity for absorbing food and their need of it. Whatever the cause of 
these diflerences, there is no doubt b-LI~ that they exist. We will 
call this factor physiologica7 c~i:ailabil i ty.  
The character of the soil, its chemical composition, the conditions 
~v l~ ich  prevail during the growth of the plant, and perhaps other 
factors influence the amount of plant foocl taken up. 
METHODS FOR ESTIMATION O F  PE0S:PHORIC.  ACID: 
The phosphoric acid of the soil is estimated by four groups of 
mcthods : 
(1) By complete decomposition of the soil, and the estimation 
of all the phosphoric acid. contained therein. 
(2) BG p&ia l  decomposition of the soil with strong hydro- 
chloric acid. This method indicates the wearing qualities of the 
soil. 
( 3 )  By extraction with alltaline solvents. The alltali ordinarily 
used is ammonia. The phosphoric acid soluble in ammonia has of- 
ten been called "humus pliosphoric acid," and is assumed to be in 
organic combination and-of great importance, but i t  appeark really 
to come chiefly from the iron and aluminum phosphates. 
(4) By extraction with dilute acids. This method is proposecl 
to estimate the .phosphoric acid easily taken up by plants, so as to 
indicate the immediate needs of the soil for plant foocl. This 
method ir: the one uncler studjr in this bulletin. 
ANALYSIS WIT= WEAK ACIDS. 
Dyer (Jour. Chem. Soc., 1894, p. 115) found the acidity of the 
root sap of 3 number of plants expressed as citric acid, to varF 
from 0.34 to 3.4, with an average of 0.91 per cent. He accordingly 
proposed as a solvent to determine the available phosphoric acid of 
the soil, a 1 per cent solution of citric acid. -4pplied to Rotham- 
ated soil of known history (Bulletin 106, Office of Experiment 
Stations, U. S. Department of Agriculture) this solvent gave re- 
sults in accordance with the productiveness of the plots from which 
they were taken. 
The Association of Official Agricultural Chemists has devoted 
much time to this method, and modifications of it, and has adopted 
a provisional method involving the use of fiftli-normal nitric acid. 
It was found thct fifth-normal nitric acid gives better results than 
1 per cent citric acid. 
e bulk of this work has been clone with fifth-normal nitric 
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~.r~ct ion  f o r  Ne~ctrcr1izaiion.-In 1896, the Referee on Soils of 
~ssociation of OfFicial Agricultural Chemists pointed out the 
ass in the strength of the solvent caused by neutralization by 
ases of the soil. As the clifferences were more markedly jn ac- 
with the known history of the soil when correction was made 
le acid neutralized by the two soils, he recommended that, this 
ction be made, and i t  was incorporated in the method, Cousins 
Hammond (Analyst 28, 235) found Dyer's method with I per 
citric acid unsatisfactory on the highly calcareous soils of 
~ica. If corrected for neutralization, the results agree with the 
n productiveness. 
~ocl found that in the soils of Inclia, where correction was made 
~eutralization, the results were not in accord with the known 
tions, but where correction was not made the results agreed. 
,er, in discuesing neutralization, holds that the alkaline condi- 
of the soil is a condition which must decrease the solvent 
power of the plant, and hence no correction should be made. 
Increasing the strength of the acid will increase the quantity of 
material clissolved by the solvent, and so expose more phosphoric 
--'d to it. Except for highly calcareous soils, which neutralize or 
lrly neutralize the solvent, I do not believe that correction for 
ltralization should be made. The bases which enter into solu- 
n are not necessarily present in the form of carbonates. Even 
~lcareous soils, they are in part present as silicates. For these 
~ns,  the author does not practice aeutralization. 
3lEl;.IIODS OF ANALYSIS. 
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Tlie following arc the methods used by us: Active Phosphoric 
id, Potash, and Acid C,'ons~uned. 
Weig11 200 pm. $oil into a 24- liter glass stoppered bottle. Add 
tly 2000 LC. K/5 nitric acid, measured with a flask. Place in 
ter bath previously heated to 40" C. Digest five hours, shak- 
?very half hour. Filter on a large'double folded filter. When 
cola, take 1800 c.c. for the estimation of phosphoric acid and 
potael~, and save the remainder of the filtrate for "acid consumed." 
(Wash the residue on the filter thoroughly with distilled water, 
transfer to drying plates, allow to dry at  room temperature and 
sfer to jars. This is saved for other work.) 
caporate the 1800 c.c. at  first in 9 large dish on the free flame, 
in a small dish on a water bath, add about 10 c.c. hydrochloric 
when nearly dry, evaporate to complete dryness on water bath, 
heat to render silica insoluble. Take up reqidue in water, add 
a few drops of hyclrochloric acid. and filter into a 100 c.c. flasE 
$lake up to volume. 
Phosphoric Acic7.-Take 50 c.c. for phosphoric acid (do no 
n.mh ou t  pipette wit11 liqui(1, as esactlj- 50 c.c. must be left). Ad1 
10 C.C. nitrlc acicl? make alkaline wit11 amn~onitl, then slightly acid 
If solution is too acicl or al1;alinc results will he poor. Add 10 t 
20 c.c. molpbciate solution: and digest a t  a temperature below 40 
C. for tllree hours. Filter ancl titrate as tisual for phosphoric acid 
Cse the 50 c.c. remaining for the estii~lation of potash. 
Potash.-Wash the 50 c.c. reserretl above into a porcelain evapo 
rating dish and evaporate once with hydrochloric acicl. Dissolve i~ 
water and acidify with h~-clrocl~loric acicl sufficient to take up th 
1)aaic salts formed by evaporation, and then evaporate with platinun 
solution after acidifying. Complete as in Moore's method. Pro 
tect from ammonia fumes a t  all times. 
3 cid C1onsumed.-Heat-10 c.c. of the filtrate to  110ili11g, hoil t h e ,  
minutes, titrate with X/lO NaOH and phenolphthalein. Make : 
])lank on the original nitric acid solution, and calculate the per 
centage of the acid ~vllich was consurned by the soil. 
F-ICTORS IhTFL~rESCTYG TITC C O J T P 0 S I T T O S  O F  TIIE S O I L  J31FTRdCT 
The amount of phosphoric acid extracteel from the soil I)? i 
giren solvent is the difference between that  dissolved from thc 
mineral phospl~ates ancl that  ahsorhed IIJ- the fixing'particle!: o 
the soil. 'That is to sap, the soil extract does not necessarily rep 
resent the solubility of the phosphatic inineral exposed to the actiol- 
of the solvent, but i.: the resultant of tlie solvent and fixative force< 
Furthermore, the quantity of phospl~ate esposeri to the action of thc 
solrent depencls upon its conclition in the soil and ihe solubilit.\ 
'of the protecting material in the solvent usecl. Tf the phospllatr 
mineral is enclosed witl~in quartz, i t  is quite effectually protectetl 
from any solvent. Jf i t  is containecl ~vithin zeolites. i t  ma? he af- 
fected by sonip solue~its and not 11~7 others. I f  i t  is contained i i ~  
carboilate of lime, the latter   rill l ~ e  dissolved h? any acid solvents 
~ ~ i t h  consequent exposure of the incluclecl pl~osphate to the action ol 
the solvent. 
TEie quantity of .phosphoric acicl containecl in the soil extract 
thiis depends upon three factors: . 
(1)  The quantity of phosphate esposccl to the solvent, and it$ 
solubility under the conclitions of the extraction. 
( 2 )  The soluhility of the soil materials which protect or en- 
close phosphates. 
( 3 )  The pover of t11~ soil to fis phosphoric acid under the com- 
ditions of the extraction. 
The  strength of the solrent, its natnrc, the 13eriocl of cligestion. 
the tenlperaturc, ant1 tllc proportion of soil to solvent, all affect 
the quantity of pliosplioric acid contained in  the soil estract, but 
they 1ii11-e their eEcc.t t l~rough action on the three factors men- 
tioned nl~oye. 
SOLUBILlTP O F  3IINERATA PHOSPHATES, 
The solubility of mincral phosphates wliicll niay occur in the soil 
qhould throw sollie light iil,on the origin of the phosplioric acid in 
the soil extract. 
I t  is yery ~l j f f ic i~l t  t ~ )  decicle ~yhich pliosphatic materials are prob- 
ably present in the soils. ,I portion of the lfiosplioric acid is ni, 
longer in tlie mineral compounds in which i t  occur5 In igneous or 
other roclis, hut  has lleen ~~or l rc i I  over into other forms, 1,. means 
of cllcnlical clianges, or b ~ -  11;1ssage tthrorrgh plants or [lnimals. 11'~ 
f ~ e l  justified in saying tliat the inorganic pliosphates are l?rolnably 
p~~cisent as pliosphates of lime, and n ~ o r c  or less basic ~!liosld~ates of
ircn ancl aluminum. 
,I large n l ~ ~ l i l ~ e r  of mineral phos1~1iates occur in nilturc. 801iie 
of tlle more common and w l,nnclant n~inerals 11-ere sclet.ted for this 
n-orl;, as Eollowe : 
Plioaplrcif~.~ of Liru (J.-Xpai ite, Ca,PO, (CIF) .,. crystallized tri- - 
c i ~ l c i ~ ~ ~ i l  phosphate with v a r ~ i ~ i g  aniounts of calcium chloride or 
Aiioride, is -sn~d to 1)tl tlle for111 in  which plios~~horic acid is present 
in i g n ~ o ~ ~ ~ o c k s ,  and i t  also appears to 1,e present in the soil. 
Phosplio~ite, or amorplious phosphate of lime, occurs in limestone. 
she11 roelr~, and in lxrge de]>osits as pliospllate rock. These, and 
1~recipitatecl calciunl pliospl~ate, wpre .use(-7, 
Pho.cpl/crf~ of -47~imin~in1.---TT'avellite, 4-IlPO,, ?Al (OH)  3+ 
1ZH,O I~asic aluminium phos1)liate. variscite, ,11PO, + 2H,O 
all~minium phosphate, ancl 13rwipitaterl alluilinium pl~ospllatc verc 
u secl . 
Pll!).cphrtf~.c of Iron.-Tririanite, Fe,P20,+ 8 H 2 0 ,  or ferrous 
l3hospl?ate, said to occur quite often in clays. triplite. ferrous man- 
ganous pliosphate; clufrenite, FePO,, Fe (OH) ,  a basic ferric phos- 
phate, ant! pi-eripitatcd ferric phosl~liate were used. T t  is ques- 
tionable whether ferrous phosphates, suck as virianite or triplite, 
liist long in a ~x-ell-aeratecl soil. 
Tile minerals used appeared to be true to name. So far  as pos- 
sible, they were separated fro111 the matrix and were prepared for 
anal?-sis by grinding to 1:riss a n  80-i11es11 piel-e. Tn most of t h ~  
n-or]; ~vitli ~ve111 sol~ents  the ratio of soil to solvent is 1 : 10. Tllat 
i 9  to  $a!-, 100 gin. of soil is l~roughi. in  contact \\-it11 3000 c.c. 
solvent. I n  onr experiments, such quantity of phosphate wa! 
as to represent a soil containing a definite amount of phospnorlc 
acid soluble in acids. For example, in most of the experiments, 
0.2 gin. phosphoric acid was brought in conta.ct with 1000 c.c. 
solvent. This ~vould represent 100 pns. of a soil containing 0.2 
per cent phosphoric acid. 
I n  all the experiments, unless othelwiee noted, the misturc 
digested for five ]lours at 40" C. The solution was filtered, 
orated to dryness, and ignited when necessary, taken up with 
and phosphoric acid estimated by the volumetric method. 
RESULTS OF THE IQORK. 
: was 
evap- 
a ~ i d -  
Table No. 1 shows the composition of the minerals user1 
experiment. The quantity of phosphoric acid taken was base 
the quantity soluble in strong acids, and not upon the total a 
present. Based npon the total' quan t i t~  present, the figures Tor the 
solubility of rivianite and wavellite would be lower. Table No. 2 
shows the solubility of the minerals and the effect of the nature of 
the solvent upon the percentage of phosphoric acid dissolve[l. In  
this work 0.2 ,gm. phosphoric acid was brought in contact with 
1000 c.c. solvent for five hours at  40" C. 
EfecZ of X a t u r ~  of Mineral.-Considering first the results with 
the N/5 nitric acid, for most of the arorli was done with this 
solvent, v-e find that the phosphates of lime are completely soluble, 
the precipitated phosphates of iron and aluminium are completely 
soluble, and virianite and triplite are nearlv so. The aluminium 
phosphates (uariscite and wavellite) and the basic ferric phos- 
phates are comparatively slightly dissolved. It is hardly probable 
that ferrous phosphate (vivi~nite) is of conlmon occurrence in 
ordinary cultivated soils, though i t  may exist in some soils which 
are not well aerated. Fiff.5-norfncrl nit& ncid di~so7ves calcizlm 
@hosphates compIetel?y, but dissolves mineral alurnin/iun? p7/o.cg72ates 
ol Fusic ferric p7~osphatoa onhy to n r7i<q7~t mfent. It f711l.c distin- 
gzris7~es betzacc*l these fluo classes of cornpo?~nds in the soi7. 
Another conclusion map be drawn from this worlc. -4ptite, 
phosphate rock, ferric phosphate (precipitated), aluminium phos- 
phate, vivianite. and triplite are practicallv equallv soluhle. We 
also feel justified in saying that acid phosphate would be completely 
dissolved. But no one yet can claim that these .materials possess 
the same value to plants. Fifth-no~mal nit9.i~ acid ma?/ not distin- 
gziis7r Zleiwe~n minerals which have unequnl values to plants. We 
ha1.e no so l~ent  which would dissolve phosphoric acid from the 
phosphates ~nentionecl in the same proportions as would be taken 
from them bv plants. What we cannot do with Icnon-n mineral 
phosphates of Imown character outside of the soil we could not ex- 
for the 
d upon 
~mowz-t 
D c 1  
TABLE 1. 
Composition of Mineral Phosphates. 
. . . . . . . . . . . . . . . . . . .  236 Aluminum phosphate.. 
. . . . . . . . . . . . .  24Sl"aafe. 3Ca,F20, +Ca(CIF'), 
Phosphoric Acid. 
- 
I n  I In in- so!ub!e so:ub!e acids. residue. 
/ Z I  -- . . .............................. 
237 1 calcium phosphate precipitated . . . . . . . . . . . .  
%4/Dufr;nlte, Fr4P20,, +3H,O. . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  716 Variscite,. 
7-21 IIPO. +2H20. . . . . . . . . . . . . . . . . .  
Vivia;pite, Fe,P,O, +8H20 . . . . . . . . . . . . . . . .  
Total 
insolub!e 
residue. 
TABLE 2. 
Silica in 
insoluble 
residue. 
' Effect of Nature of Solvent Upon Percentage of Phosphoric Acid Dissolved. 
237 Ca! 
245 710 Ap 
727 
pect to do wit11 the kame phospllates after they nre ynt  into tlie 
soil and with unknown mixed pllosphates already within the soil. 
Soils ma?. therefore, contain eq~lal  quantities of phosphoric acid 
soluble in fifth-normal nitric acid, ant1 yet give up uneclnal quan- 
tities of phos1,horic ncicl to plants on account of differences in the 
phosphates present. This consideration must give rise to caution 
in  coml~aring the results of all kinds of soils with one another. 
Only those soils s11 oz/lcI be c o m l ~ ~ ~ c l  u-lr ieh probably con tni~r tbc  
somr kinds of phorplrntrs. Soils midel? ilissimilar in origin and 
character shonlcl not be comparecl, unless there is evidence that they 
contain similar phosphates. 
h'fecf of C h n m c t ~ r *  of fhe &'o?r*~ni.--Tl~c recults ~ecnre(1 with 
colveats other than fifth-normal nitric ncicl appear in 'Pal~le 2. 
Fifth-~rornznl hydrochloric acid appear? to have nearly t!lr sanil: 
solsmt power as fifth-normal nitric acid. Ono jvr crnt  ci!rir acid 
Ilas R sonle\rllat lower solvent power, pa~ticularly for apatite and 
triplite. 
Pifllr-no?*rntrl hydroch7oric acid is characterized by $1 much lower 
qolvent power for ferric phosphate, rivianite, and triplite than 
citric acicl. It does not tlissol~e the calciurn l~llospliates so well as 
tlie fifth-normal nitric acicl, but to a greater extent t l ~ a n  thc citric 
acid. 
Tzco-h~/ndredtI~-n orr11nZ 71ydroc11 loric ncid, as might l ~ c  eslxcted, 
falls mnch lower in solvenl: power than an? of the solvents tested. 
\Tc prefer fifth-normal nitric acid to the other solrents. It dis- 
~olves the calci~un ~~hosphates  in the quantity i n  ~vllich the? may 
occur in  soils cornplete1~-. which may not take place ~vjth more 
clilnte 9olrcnts. I t  has analytical acl~antages over citric acid, being 
~ n n c h  more etisilv manil3ulatecl. 
E n ~ c !  of .Ccrtio ' of Fo711en~t o Ph oslrlr or i c  ,-I cic1.-In tllc results 
just clisc-nssecl, 0.2 gm. pl~osphoric acid was 111*ougl1t in contact 11-ith 
1000 c.c. golvcnt corresponding to a soil containing 0.2 lx r  cent 
plicsphoric acid. T-ery few soils contail1 near this amount of pllos- 
phorjc acid so111ble in such weak solrents. For  this reason. rsperi- 
nlents lvere made using 0.05 gm. and 0.02.7 gm. phosplloric acid to 
1000 c.c. solvent, corresponcling to soils containing .700 and 250 
p u t s  p~i;*niillion of ~~hosplioric acid of the l;ir?rls jn cluestion. The 
results of these csperiments are prceentecl in Table 3. 
147itlt fifflr-,~ormrrl nitric m i d  larger percentages of 11hos111~orie 
acid were clicsolved 15-11en tlie quantity of plio~phoric acid was re- 
duced, bnt the incret~se vras not proportional to the reclnction. Not 
over 10  per cent of the pliospl~oric acicl of I~asic iron ant1 alnl~lini~inl  
l~lloaphatesin tlle soil wonlcl be dissol~.ecl ~ u  this solvent. ancl prolo- 
ably much less than this percentape. 
J'ifii~t7~-no,-r,ta[ hjidrorh70ric crcid will dissolre nearly all the 
pl~osphorite, a p a t i t ~ ,  or calcium phosphate contained in tlie soil 
when 
parts ] 
pl1ospl- 
m w n c l r > n  
1 
phosl3h 
mill di 
tlme t 
dissolv 
parts 1 
Tlu G 
Eff 
the phosphoric acid in these zilincrals cloes not exceed 250 
per milljon. Its sol~ent  power for the iron and aluminiun~ 
lates is much less, though it  dissolves nearly all the triplite 
ted to it when containing less than 250 parts per million 
~o1.i~ acid. It appears prol~able than K/50 hydrochloric acicl 
stinguish more sharply between calcium ph~~sphates and iron 
umininn~ phosphates than N j5  nitric acicl, but at  the same 
here is clang~r that a11 tlle calcinm phospllates may not be 
ccl. and this is almost certain to be the case i f  more than 250 
r~hospl~orir: acicl per nl~llion is present in these forms. 
~-ht~ndredt7z-?~orrnal h?ydroch7o~ic ncid cloes not dissolve anT 
minerals conipletelv even w11en only 250 parts per million 
loric acid is present, For this reason me consider it to be 
;atisfactory solvent. 
TABLE 3. 
ect of Ratio of Solvent to Mineral in Percentage of Phosphoric Acid 
Dissolved. 
Y/5 Nitric N/5 Hydrochloric 1 It'd 1 Ac'd. 
in& 
solrt 
the 
1 tl? ,(ling section, jt was sho11-n that the pl~osphates of 
l l r , l l  all(, ill LtlIllni111n are only slight1~- clissolrerl by N/5 nitric acid, 
whereas tllc phosphates of calciu~n arc c.omp1etelv tlissolved. It 
. . . . . . . . . . . . . . . . .  
Grams of Phosphoric Acid to 1,000 
grams solvent. 
Ca,P,O. +Ca(CIF),-p?r- 
. . . . . . . . . . . . .  . . . . . .  centage d~ssolved.. 100 70.3 73.5 31.2 45.3 
, 710 .4pa4jtz... . . . . . . . . . . . . . . . . . . . . . .  100 . . . . . .  91.1 15.8 . . . . . .  60.8 
72i . . . . . . . . . . . . . . . . . . . . . .  100 100.0 . . . . . . . . . . . .  92.9 
. . . .  713 Phosphorite, Ca,P2Ou+4H2O. 100 95.4 1 7. Vari;:ite, AIP04+2H,0. . .  11.7 . . . . . . . . . . . .  11.3 
,732 . . . . . . . . . . . . . . . . . . . . . .  
240~a~~~llite,AIP101g+12H,0 . . . . . . .  . . . . . . . .  5.3 2.4 . . . . . . .  5.2 i 126 . . . . . . . . . . . . . . . . . . . . . .  2.0 .5.7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
,238 Ferric Phosphate.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ./ 16.0 p . 5  7 8.5 28.3 25.1 
241 1 712 
733 
i 242 
1 719 
724 
714 
728 
1 ,  
Effrrd of 1ncrcn.v'n.q B-lren.~r/th o f  Xo1vent.-The analyses of a few 
solutions made with varying strength of solvent are presented in . 
Tal~le 16. Increasing the strength of solvent does not correspncl- 
bT increa,sc t11e cluantii:- c!iesolvecl. In  i-nany of the soils, the 
:nt effect of 1-he stronger acid is not ~nuch greater than that of 
~vet-dcer. 
Vivitpite, Fe,P,O,+H,O . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . .  
" 
Tripl,ite, (FeMn),P,O,+(FeMn) F,. 
. . . . . . . . . . . . . . . . . . . . . . . .  
" . . . . . . . . . . . . . . . . . . . . . . . .  
Dufr~nite,  Fe4P,0,7H,C). . . . . . . . .  
. . . . . . . . . . . . . . . . . .  
97.8 
93.0 
91.0 
99.5 
97.6 
6.9 
9.7 
. . . . . .  36.0 s9.5 
70.5 . . . . . .  
. . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . .  
41.2 
70.0 
66.3 
37.2 28.0 
70.7 
41.1 
83.9 . . . . . .  
. . . . . . . . . . . . .  93.3 
95.1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
23.3 
. . . . . . . . . . . .  
. . . . . . . . . . . .  
29.2 
. . . . . . . . . . . .  
21.9 
44.0 
28.9 
30.9 
should nest be ascertained whether the phosphoric acid which en- 
ters into solution is removed with the solvent, or whether a portion 
of i t  is taken from solution by the fixing materials of the soil. 
I n  order to study this matter, we treated 200 grams of each soil 
with 200 c.c. of the solvent to be tested. One of these portions re- 
ceived a known quantity of phosphoric acid in the form of potas- 
sium phosphate. I f  no fixation takes place, the quantity of phos- 
phoric acid recovered should be equal to that added, plus that dis- 
solved from the soil. The difference between this quantity and the 
amount xct~~al ly  extracted represents the amount fiked. The quan- 
tities of phosphoric acid used were such as might often be dissolved 
from the soil. Fixation was found to occur with practically all 
soils. 
TABLE 4. 
Phosphoric Acid Absorbed by Soil. 
Parts per million of phos- 
phoric aeid. 
x/5 1.8N 1 i t  1 i t  1 bit i lc  
water Acid. Acid. 
Estract from soil plus phoephoric acid.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Extract from soil alone 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Recovered from $oil.. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  bdded_phosphoric acid. 
. . . . . . . . . . . . . . . . . . . . . . . . . .  ...... I Absorbed [parts per million). .'. 
Table 4 shows the results of an experiment with water, N/5 
nitric acid and 1.8 normal nitric acid, on a soil known to have i1 
high fixing power for pliospho~ric acid, and shows the method of 
calculation we used. The soil fixed nearly as much phosphoric acid 
from the N/5 nitric acid as it did from the water. The fixation is 
less with 1.8 normal nitric acid, hut it is 50 per cent of the added 
1 phosphol.ic acid, showing that even with strong acids a very large 
. amount of phosphoric acid may be fixed.. 
Table 5 contains the results of a number of experiments. The 
ratio of soil to solvent in each case Tvas I : 10-time, five hours. 
temperature, 40" C. The absorption ranges from 5 per cent of the 
I added phosplloric acid in the first soil to 94 per cent in the last one. The soils are arranged in the order of their absorptive powei. froin N/5 nitric acid solution. 
The absorption from water is greater than from N/5 nitric acid. 
Where the absorption from water is less than 50 per cent of 'the 
# phosphoric acid added, the absorption from nitric acid is about one- 
1 half as much as from water. The differences are not great where 
over 75 per cent of the added phogphoric acid is absorbed, the fixa- 
I 
tion in the nitric acicl solution being soinewl~at less than from 
water. MTe mar concluc!e from these experiments that the phos- 
phoric acid extracted from the soil by a so7vent does not necessari1y 
~.rpresenf thut ?rhic7c goes i n t o  so Zution. 
TABLE 6. 
Absorption of Phosphoric Acid from Soils and Composition of Soils. 
5 1 1.2 1 . 8  i d  1 I Nitric Nitric Nitric con- Lime. MgO. Pe20, r ic~d.  Acid. Acid. s u m d  + -41 ,o, 
Percentages of phosphoric 
acid absorbed from 200 parts 
per million added. 
. . . . .  176'~orfolk fine sandy loam, Anderson Po.. . . .  '. 
314 Norfolk fine sand. Houston Co.. . . . . . . . . .  16 
179 Korfolk fine sand, Anderson Co.. . . . . . . . . . . . . . . .  
125 Orangebum fine sandy loam, Lamar Co.. 41 
340 ~ u ~ . ~ u . h a n " n  fi e sandy loam, Rusk Co.. . 3.7 
821 Oranmeburr fine sand, Robertson Co. . . . . .  35 
852 Rice :oil fr"om Orange, Texas.. . . . . . . . . . . . . . . . . .  
893 Norfolk fine sandy loam, Angelha Co.. . . .  46.3 
180 Orangeburg fine sandy loan:, -4nderson Co. . . . . . .  
178 Oranz~burg clay, Anderson Co. . . . . . . . . . . . . . . . .  
103 Houston Clav Lamar Co . . . . . . . . . . . . . . . . . . . . . .  
825 Lufkin fine &ndy loam, Delta Co.. . . . . . . .  75 
332 Houston Clay, Hays Co.. . . . . . . . . . . . . . . .  80 
336 Susqulhanna fine sand, Ca'dwell Co.. . . . . .  85 
832 grangeburg clay, Robertson Co. ......... 85 
330 Crawford stony clay, Hays Co.. . . . . . . . . . .  77 
823 Orangeburg fine sandy loam P. S., Rohert- 86 
son Co. 
Compos.itiou of 
soll. 
- -- - 
Relation of il bsorplion ic, Conlpo.ciiion.--The percentage of the 
9rJJed phosphoric acid al~sorbecl 137 the soil is related to its content 
~xides of iron and alumini~uin soluble in strong hyclrochloric 
. This is brought out in Table 5 .  The soils are arranged in 
order of their increasing absorption of phosphoric acid from 
iu!s nitric acid solution. Their contents of iron and aluminiun~ 
are approximately in the same orcler. Soils containing over 10 per 
cent of iron and alu~ninium oxide al~sorb over 50 per cent of the 
phosphoric acid presented to them in N,/5 nitric acid solution, The 
two soils containing the largest percentages of oxide of iron ancl 
alulniniuln also possess the highest absorpti-re power for phosphoric 
acid. 
I t  need not require a large percentage of fixing material in 100 
grams of soil to take up 0.02 grams of phosphoric acid. One-tenth 
of one per cent of a highly absoative material shoulcl suffice for 
this purpose. It is, therefore, more surprising that tthe al~sorptive 
power is so closely related to the percentages of oxides of iron and 
aluminium than t,ha,t there sllould be irregularities in these rela- 
tions. Ji; would appear that only a small per cent of the oxide of 
iron and aluminium !'n tlle soil has a high fixing power, and that 
this percentage is comparatively constant, or else the fixing mate& 
rial has only a low fixing power. 
The soils with the highest percentages of Lime clid not have the 
highest fixing power, even from aqueous solution. 
Effect of Qucrntity of F'hosphoric 4cid on Percentage of Fixation 
in Acid Solution.-Table 6 shows the effect of cliff erent amounts of 
phosphoric acid on fixation by the soil. I n  one soil the percentage 
of fixation decreased wit11 the quantity added. I n  the other two 
soils i t  was nenrly constant. The limit of error in using very small 
quantities of phosphoric acid is so p e a t  that it cticl not appear ad- 
risable to carry this line of work further. 
In two of the expcrimente the moist soil mas treated with phos- 
phate, allowecl to stand forty-eight hours, ancl then treated wit11 the 
solvent. I n  110th cases the fixation was slightly inerased by stand- 
ing. 
TABLE 6. 
Effect of Different Amounts of Phosphoric Acid on Ffxation by Soil. 
-4 bcorption b!l kcoil Resi~!zces.-The residues of soils treated wit11 
acids have in inany cases nearl? the same absorptive power for phos- 
phoric acid as the original soils. The soils tested were treated not 
only wit11 dilute  acid^ at  40°, but with strong acids in the cold. 
Jn each case, the residues were washed thoroughly and dried. Fifty 
grtlzlls were brought in contact with 200 c.c. water containing 
I 
I 20 mg. phosphoric acid (400 parts per million of soil) in the form 
I of potassium phosphate and allowed to stand twenty-four hours, 
being shaken E1.om time to time. The solution was .then filtered 
and 125 c.c. talzen for the estimation of the phosphoric acicl. The 
original soil w ; ~ s  in all cases treated at the same time and under 
the same conditions as the residues. 
The results of these experiments are presented in Table 3 0 .  7 .  
I n  some of the experinlenis the time of contact mas five hours (Nos. 
326 and 336) and in others 40 mg. p?~oaphoric acid was used 
(Nos. 821, 5?3 ancl 8 ? 5 ) ,  hut these cliffcrences are not material to  
the purposes of the experiments. 
Ph:lsphoric acid added (per million of sod). 
-- -- 
24 1 96 1 24: 196 "96* 
- --- 
2,  
2s j 5 
2Z 
- 
176 
178 
180 
103 
110 
------------------- 
Phosphoric acid fixed per cent.. ..................... 
Phosphoric acid fixed: per cent.. .................... 
Phosphoric acid fixed, per cent.. ........................... 
Phosphoric acid fixed, per cent.. 
Phosphoric acid fixed, per cent.. 
20 
33 
. : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. ...............................-............... 
11 
36 
36 
5 
32 
23 30 
35 
................ 
................ 
. 38 
44 
38 . 
TABLE 7. 
Percentage of Phosphoric Acid Fixed by Soils and Residues. 
Fifty grams of soil were comparecl with 50 grams of residue. 
R7e also corrected the results with the N/5 nitric acid a.nd the 2 / N  
hydrochloric acid to the weight of residue which would be left by 
these solvents. The results are s h o ~ ~ n  in  the table. The  correc- 
tion of soil No. 823 is not; accurate, because the absorption could 
not be over 100 per cent, and the correction was about 13 per cent. 
Hence i t  would be impossible to secure a correction wliich would 
not cause the residue to appear to absorb less than the original soil. 
\?re find that in the case of the residne from N / 5  nitric acicl, the 
residues have a lower absorptive power in three cases, and the same 
absorptive power in two. When corrected, the absorptive power is 
lower with soil No. 823, but this correction is not well made, for 
the reasons already given. While the action of the acid decreases 
the absorptive power of the so61, the residues still have considerable 
absorptive power. Considering the l . S / N  nitric acid and the 2 / N  
hydrochloric acicl, v e  find decreased absorption by the residues in 
fi~7e cases, and the same as the untreated soil, or an  increase in five. 
\A7hen correction is made to the original ~veight of residue. v e  find 
a decrease in seren cases, arid little change in two. One is not cor- 
rcctecl. The decrease in one case is only slight. The correct-ion for 
soil No. 823 is doubtful. 
We find, therefore, that  while cold strong acids may remove 
part of the absorptive power of a soil, they may, on the other hand, 
have little or no effect upon it.- This confirms our observation that 
fixation of phosphor.ic acid by the soil takes place even i n  strong 
acid solution. 
Carbonate of lime does not appear to be so effective for fixation 
as oxides of iron and alumina. If carbonate of lime fives any phos- 
phoric acid, there is sufficient oxicles of iron and alumina to take 
Correct- 
ed. 
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............................... 
40.0 44.1 33.1 
................ 62.0 
................................ 
52.5 57.4 50.8 
58.2 76.1 77.3 
85.7 85.7 59.6 
................................. 
UP most of this fixecl pliosphoric acid when it  goes into solution 
~ v l ~ e n  the carbonate of lime is dissolred. This confirms the rela- 
tion already pointed out between the prol,ortion of fixation and 
the percentages of ircn and al~iminium. 
Bfl'ect of Proportion. of Pl~osphoric Acid LTpon Fixation from 
Ttrater.-In these experiments, 50 grams of soil mere treated for 
twenty-four hours with 200 c.c. of the solution. The solutioil 
varied in strength from 207 to 3792 parts per nlillion of the dry 
soil. The results are presented in Table No. S. Tllese results are, 
in most cases, avcra,ges of two sets of tests. 
The percentage of fixation decreases wi ill tlie quantity of phos- 
phoric acid, slo~vly at first and then more rapidly. Tt is nearly 
constant ml~en 400 parts per million or less is present. 
TABLE 8. 
Percentage of Phosphoric Acid Absorbed by Soil. 
$ Puts phosphoric acid per million of soil.. . . . . . . . . . . . 2071 4131 918 I896! 3192 
-- g-z 
9 3 
j X  I Percentags absorbed 
Extraction o f  Absorbed Yhosp7zol.i.c Acid.-The object of this 
work was to ascertain how tenaciously the fixed acid is 
held. 
Two Iiundred grams of soil were digested at 40" C. with 200 c.c. 
X/5 nitric acid.' The nitric acid poired upon one portion of the 
soil contained 200 parts per million of the soil of phosphoric acid 
in the form of poiassi~m phoyphate. -4t the end of five hours, the 
solutions mere filtered, 1500 c.c. being taken for the estimation of 
phosphoric acid and silica. The filtrate was measured ancl its vol- 
ume recorded. The soil on the filter paper was washed back into 
the bottle with 2000 c.c. N,'5 nitric acid, and again digested. Fonr 
treatments in all were made with the acid, 
The quantity of phosphorjc acid found was corrected for the 
qnantitp left in the soil ancl filter paper by the preceding estraction. 
The results are presented in Table 9. 
Eight soils were examined. The amount of phospl~oric acid re- 
covered by the first estraction varied from 5 to 87 per cent, and 
the total amount rerovered by four or six extractions varied from 
6.2 per cent to 100 per cent. Tlie quantity of phosphoric acid, as 
a rule, decreawd regularly with each extraction, until i t  became 
constant a t  ahmt  the same quantitv as the original soil. The effect 
es- 
TABLE 9. 
lere 
10s- 
low 
- -  - 
e added phosphoric acid mas usua: n t  in  the fourth 
.on, and sometimes in the sixth, 
th a soil of very high absorptive power (No. 832) the added 
~horic acid had no effect beyond the first extraction, and only 
er cent of .the added phosphoric acid was recovered in four 
extractions. 
These observations may be applied to the original soils h 
studied. Soil No. 821 gives practically the sa.me amounts of pl 
phoric acid in the first three extractions. As this soil has a : 
fixing power, we should he justified in saying tha.t it contains mat- 
Phosphoric Acid. 
&g 
$ g d*
821 
823 
832 
852 
1590 
1592 
, 
1121 
1124 
3rd ex- 
traction 
7.0 
14.6 
-
Extraction 
Extracted from original soil, parts 
permillion ................... 
Extracted from soil plus 201.3 
parts P205 per million.. ...... 
Percentage recovered of remaining 
............ phosphoric acid.. 
...... Extracted from original soil 
Extract-d from soil plus 201.3 
parts per  nill lion of phosphoric 
acid ......................... 
Percentage recovered.. .......... 
Extracted from original soil.. .... 
Extracted from soil plus 197.5 per 
million of ?,O,. ............. 
Percentage reco\-ered.. . . . . . . . . . .  
Extracted from original soil.. .... 
Extracted from soil plus 201.3 
parts per million P,O, ....... 
Percentage recovered.. .......... 
Extracted from orjginal soil... 
Extracted from soil plus 197.5 per 
million P20,.. . . . . . . . . . . . . . . .  
Percentage recovered.. .......... 
Extracted from original soil. ..... 
Extracted from soil plus 197.5 per 
million P,O,.. ............... 
Percentage recovered.. .......... 
Extracbed from original soil ...... 
Extracted from soil plus 197.5 per 
million P205.. ............... 
Percentagerecovered ........... 
Extraded from original soil ...... 
Extracted from soil plus 197.5 per 
million P20,.. . . . . . . . . . . . . . . .  
L h e  
" -centage recovered ............ 
of 
1st ex- 
traction 
7.3 
165.3 
79 
6.0 
17.7 
5 
76.0 
136.5 
-- 
31 
19.0 
161.7 
71 
. . . .  10.3 
171.3 
81 
36.3 
208 
87 
8.3 
120.3 
56 
10.7 
136.7 
64 
-
Absorbed 
2nd ex- 
traction 
7.3 
17.0 
27 
4.7 
5.5 
0.4 
18.4 
19.2 
1 
10.8 
55.8 
44 
5.8 
26 
56 
10.5 
0.7 
-
6.9 
21.5 
17 
9.5 
22.6 
17 
-- 
4th ex- 
traction 
5.6 
9.6 
-
22 
. 
-
517 6.5 
8.0 5.6 
--------- 
1.0 
--------- 
17.3 14.3 
18.4 13.1 
--
1 -1 
-------- 
11.0 8.1 
20.5 11.8 
pp------- 
30 17 
--------- 
5.9 5.2 
18.2 12.5 
-------- 
77 
4.8 4.5 
10.0 10.2 
-- -
.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
------- 
6.8 6.4 
16.7 13.7 
--------- 
14 12 
9.8 7.0 
20.4 14,3 
------- 
'" 15 
- .- 
Total 
27.2 
206.5 
-- 
S9 
5th ex- 
traction 
. . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  
- 
.... . . . . . . . . . . . .  
22;9 
35.4 
6.2 
. . . . . . . .  
........ 
-
31 
48.9 
229.8 
90 
. . . . . . . .  
. . . . . . . .  
.... 
... 
---- 
-- 
... 
... 
... 
... 
6th ex- 
traction 
-
..... . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . .  
12.1 
10.1 
-1 
. . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  
8.5 
12.0 
. . . . . . . . . . . . . . . . . . . . . . . .  
4.8 
4.1 
-- 
7.5 
11.5 
8 
9.1 
10.4 
3 
11.3 
11.7 
. . . . . . . .  
. . . . . . . . . . . . . . .  
6.0 
13.0 
5.3 
5.1 
-
7.1 
10.5 
7 
7.1 
10.5 
8 
, -  
I 
tically no phosphoric acid easily soluble in N/5 nitric acid (cal- 
cium phosphate), but all its phosphoric acid is in clifficultly solublc 
forms, of which a portion is given to the acid. 
Soil No. 821 contains some calcium phosphate, though the quan- 
tity is not large. I should judge that the amount present is about 
21 parts per million of phosphoric acid. 
Soil No. 823 probably contains all its phosphoric acid in diffi- 
cultly soluble forms. It may, however, contain as much as 50 to 75 
parts per million of calcjunl phosphate, whose presence is masked 
by the hiph fixing power of the soil. We judge, however, that all 
the phosphoric acid of this soil is present in very difficultly soluble 
forms. 
TABLE 10. 
Effect of Proportion of Soillto Solvent in Fixation. 
- - -- I Tototal present.. ................................................ 200.8 206.3 213 
Found .......................................................... 7.3 27.7 110.6 
P --- 
Absorbed.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  193.5 179.6 72.4 
Per cent a b s o ~ b ~ d . .  . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 36 
833 
A soil cortl.ainin,g p71,osphates easily sol?cble i n  N / 5  ni tr ic  acid 
u~Z.1; y i ~ 7 d  deweasing anzo,ztnts of phosphoric acid ~ l l h e n  subjected  ti^ 
successive e x  traction$. The rsrpiclity of the decrease depends upon 
the fixing power of the soil. S o i b  contai?zing 7ittlc or )to phosphates 
of high solubili l?~, g i ~ i e  prcl,ctically i h e  same arnou~vts of phosphoric 
acid t o  s~~cces.siue ezt~action.s.. Soils of verp high fixing pwer  may 
give nearlyw equal amounts of phosphoric acid to successive extrac- 
tions, whether they contain easily-soluble phosphates or not, pro- 
videcl t h e ~ e  phosphates are not present in excessive quantities. We 
shall refcr further to this work in disci~ssing the successive extrac- 
tion of natural soils with acids. (Sw page 23.) 
Ef fec t  of Rat io  of Soi l  t o  So lven t  o n  Fixation.-This experi- 
mcot was cnrrieit out on soil No. 823, which has high fixing powers. 
Four hundred, 200 and 100 grams soil were brought in contact 
with 2000 c.c. X/5 nitric acid five hours a t  40". One portion of 
each sample received 40 mg, (approximately) of phosphoric acid. 
The results are presented in Table 10. The percentage of fixation 
decreased decidedly m-hen the quantity of soil was r!?duced from 
200 to 100 yrams. 
Milligrams phosphoric acid in 1500 c.c. of so!ution, without phosphoric acjd 1.15 1.2 
with phosphoric ac~d 2.18 4.15 10.55 
Parb per million phosphoric acid wjtho~it phosphoric. acid. . . . . . . . . . .  1 
9 16 w ~ t h  phosphoric ac~d ................ 197
RELATION O F  F I X I N G  POT.\rlCR O F  S O I L  T O  ABSORPTION FRO31 F I F T H -  
NORMAL N I T R I C  ACID. 
By the fixing power of a soil we here mean its poIver to absorb 
phosphoric wid from aqueous solution. The nzethod adopted at  
this Experiment Station for the work on soils is as follows: 
Fixing Power of Soils.-Bring 50 grams of the soil in contact 
with 200 c.c. of a solution containing 20 mg. P,O, (in the form of 
potassium phosphate). Shake every half hour cluring the working 
clay, filter at  the end of twenty-four hours, measure off 125 c.c., 
zcidify with iLitric acicl, and evaporate to about 50 c.c. Run five 
soils and one blank on the solution together. Divide the phosphoric 
acid found by the qnnntitp added and subtract from 100. Report 
percentage of phosphoric acid recovered. 
In this method, the phosphoric acjcl offered to the soil is 400 
parts per million. For the purposes of this bulletin we define the 
"fixing power" of a soil as the percentage of 400 parts per million 
phosphoric acid absorbed under the condition described. 
It is important to know whether, there is any relation between 
the fixation of phosphoric acid as determined in this way and the 
ahsorption of phosphoric acid from fifth-normal nitric acid solu- 
tion. If such a relation exists, the estimation of the fixing power 
of a soil will aid in the interpretation of analy~es made with fifth- 
normal acid. 
The results of a number of experiments are presented in Table 1 3 .  
The soils are divided into three groups. Group 1 includes soils , 
n-llose fixing power is lesq than 50 per cent. We consider these to 
haye a low fixinq power, Group 2 includes soils of moderate fixing 
power, from 50 to 80 per cent. Gram 3 includes soils of high fix- 
ing. pomer, from 80 to 100 per cent. 
'The fixation from acid is, ae a rule, lon-er than from water. The 
relation is variable. 
The maximum percentage of fixation fro111 acid in Group 1 is 
??.7 per cent. While the decrease caueecl bv fixation in the amount 
of phosphoric acid dissolved from soils of this ,group is of some sig- 
nificance, yet .tve do not consider i t  of high importance. I f  we 
assume that the fisaticn from acid is 50 per cent of that from water 
n-ith these soils, we should have a fair aid to our interpretation of 
coil analvses. The fixation map, indeed, be as much from acid solu- 
tion as from aqueous solution, but the average would be of assist- 
arlce. The maximum fixation in Group 2 is 70 per cent, but this 
is an exceptional soil. The next highest is 41 per cent. Here, the 
matter of fixation, though of greater importance than in  Group I, 
2nd not to be disregardecl, is not of prime importance. We can 
 gain assume t h ~ t  lie fisatioil from acid is one-half the fixation 
from water. or rather one-half the fixing power . 
1136 
11.52 
178 
834 
852 
1582 
1129 
1594 
1600 
1124 
1126 
1121 
829 
332 
103 
1590 
1567 
1583 
336 
330 
832 
E25 
1127 
823 
In  Group 3 the fixation from acid varies from 31 t; 94 per cent . 
Six of the soils fix more than 50 per cent of tbe phosphoric acid, 
five of them less than 50 per cent . We consider this fixation i l  
matter of great importance in this g o u p  of soils . On account of 
the wide difference between fixation from water and acid no assump 
tion can 13e made as regards the relation between fixation power and 
fixation from acid, . but direct estimations from acid must be made, 
with a. pproxinlately the amounts of phosphoric acid supposed to be 
p r~sea t  in the soil . 
GROUP 2:- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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We believe that the determination of the fixing power of a soil 
for phosphoric acid shoul' always be made in connection with esti- 
mation pf active phosphoric acid. 
Impostancc of Absorpiion f o r  Soil Aml?jsia.-We have seen that 
the extract of a soil with solvents does not represent the solubility 
of the phosphatic minerals in question, but represents a condition 
of equilibrium hetween the solution-tendency and the fixation- 
tendency of the soil. 
If highly solubIe phosphates are present in a soil of moderate 
fixing power, the soil extract will contain less phosphoric acid than 
is really dissolved, but the amount going into solution will still be 
greater than the solution-tendency of the fixing materials. The 
extent of the difference grill depend upon the amount dissolved. 
The phosphoric acid withdrawn from solution will be partly given 
up again when the soil residue is again treated with the solvent, 
ancl the amount going into solution with s~lcceesive extraction will 
ase until i t  reaches the solubility of the fixed phosphates, when 
ly remain constant for some time. 
soil of big11 fixing power may contain a moderate amount of 
nlgnly-soluble phosphates and pet give no more phosphoric acid to 
the solvent than if it contained only insoluble mil phosphates. 
Two soils of this character might be widely different in their con- 
tent of soluble phosphates, and yet give the same, or nearly the 
le results to a given solvent. 
t is evident that in the analysis of a soil with a weak solvent, we 
st con side^ not oiily the composition of the soil extract, but also 
fixing power of the soil. Only by means of these two factors 
sidercd together can we gain any idea of the condition of solu- 
ty of phosphates in the soil. We will discuss this in detail on 
itcr page, where a discussion.of the interpretation of soil anal- 
Fees is taken up. 
IL SOILS. 
numr~er of soils were subjected to succewve extractions In 
ier previously described (see page 20). The results of I 
are presented in Table 12. 
tne 
;his 
TABLE 12. 
Shosghoria Acid Extracted from Soils by N/5 Nitria Acid in  Parts per Million. 
/ Est.raction No. ' 
The phosphoric acid reinoved falls off rapidly with successive 
extractions, and shows a tendency to become constant at about seven 
parts per million of soil. Soil No. 936 gives nearly constant quan- 
tities of phosphoric acid, but this lac1 is explained when we con- 
sider the acid consumed in the successive digestion : 
Acid Consumed, Per Cent. * 
Digestion No. 1. . . . . . . . . . . . . . . . . . . . . . . . . . .  99.5 
Digestion No. 2 .  . . . . . . . . . . . . . . . . . . . . . . . . . .  99.5 . 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Digestion No. 3 .  90.5 
Digestion No. 4. . . . . . . . . . . . . . . . . . . . . . . . . . .  44.5 
The constant amount of phosphoric acid is thus given up by the 
. solution of a coilstant amount of lime. The phosphoric acid dis- 
solved by successive extractions from soils containing moderat? 
amounts of phosphoric acid, closely resembles that dissolvecl from 
the fixed phosphoric acid (see Tahle 9 ) .  The curves made by 
plotting the reeults are verF similar. (See Fig. 1.) 
It was pointed out by Hall and Amos that the phosphoric acid 
~ extracted from the fertilized plots at  Rothamstecl by successive ex- 
tractions with citric acid, when plotted, forms a logarithmic curve. 
Only the plots v7hic.h had been continually receiving the same super- 
phosphate manure show this logarithmic rate of decrement in the 
amounts of phosphoric aeid going into solution. They add, "It 
can harclly be doubted, however, that the logarithmic portions of 
the curves represent a single phosphoric aoid compound in the soil, 
which has been almost wholly removed after the third extraction, 
Rnil that the non-logarithmic character of the curves yielded by the 
other soils indicates that their phosphoric acicl is present in a more 
raried and irregular state of combination, as, indeed, would be ex- 
pected from the treatment or the history of the plots." (Hall and 
Amos, Transactions of t h e  Chemical Society? 1906. p. 215.) 

itric Acid. 
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Fig. 2 .- Logarithms of Phosphoric Acid extracted by 5 h' 
The curves yielded by a nuniber of our natural soils are logaritli- 
mic curves, as shown by Fig. 1 ancl 2. Soils 821 and 852 do not 
represent natural soils, but are soils which received an addition of 
potassi~m phorphate, 
It will be observed that the curves of the natural soils are similar 
to the cn177e of the natural soil plus potassi~lm phosphate. This 
points to the truth of the statement of Hall and Amos referred t c  
above, namely, that the logarithmic curve indicates the presenct 
of a more easily solu3Ie phosphate. Our experiments go to sho~v, 
howcve~~, that this phosphate is not completely extracted by the 
first three e~tractions, but its effects niay persist for six or more 
extractions. 
Our experiments also make clear the cause of the logarithmic 
character of the curve-it is due, namely, to the fixing properties 
of the aoil. This fixing power varies with different soils, and .will 
iniiuence the anloiunt of phosl~hoiic acid extracted by successive 
treatments, and hence the exact nature of the curve. 
Not all the cilrves shomm in Fig. 1 approach the nature of loga- 
rithmic curves. Soil No. 938 presents newly a straight line. We 
hare already explair,~cl tliese results as due to the quantity of car- 
bonate of lime present-enough to neutralize the acid in the first 
three extractions. 
Soil No. 316 represents :t common type of curve, in which only 
slnall q~~an t i t p  of soluble phosphorjc acid is present, and the 
amonnt extracted is nearly constant after the first extraction. A 
nuiriber of soils ~voulcl give a similar curve (see Table 14).  The 
cnnse of the deviations of No, 928 is not known. 
iTTe may consider i t  established that soils contain phosphates of 
high solubility in N j.5 nitric acid. and phosphates of low solubility ; 
that the fix in^ power of the soil' prevents all the highly-soluble 
phosplloric acid app~aring in the extracts, but causes a decreasing 
quantity of phosphoric acid to be present in successive extractions ; 
that after a number of extractions the quantity of phosphoric acid 
extracted tends to become constant. It would appear that this con- 
stant quantitv should he about 7 parts per million, though this 
quantity was not r~acliecl in all our estractions. 
TABLE 13. 
ction With Various Strengths of Acid. (Phosphoric Acid in Parts 
per Million.) 
I Extraction No. 
Soil No. 831-N/2 Nitric -4cid.. . . . . . . . . . . . . . .  
2X Acid. . . . . . . . . . . . . . . . . . . . . . .  
Soil No. 923-1 I. Acid.. . . . . . . . . . . . . . . . .  
2N-kcid . . . . . . . . . . . . . . . . . . . . . . .  
Soil--N/2 N Acid.. . . . . . . . . . . . . . . . . . . . . . . . . . .  
--- Acid . . . . . . . . . . . . . . . . . . . . . . . . . .  
- 
569 
646 
I427 
1527 
%19 
896 
121 
117 
2 3  
214 
269.6 
120 
39.8 
33.6 
55.C 
5 1 .  
65.6 
25 
29.3 22.1; 19.6 
32.5 F7.C 25.3 
34.7 i9.01 20.2 
38.7 25.3 24.6 
23.6 21.0 15.3 
28.3 19.1 21.0 
Rztceessive B x t ~ a e t i o n  with Slrong Acbds.-Table 13  sholvs the 
results of extraction with two strengths of nitric acid. The results 
are similar to those secured with N/5 nitric acid. Somewhat more 
phosphoric acid is secured by the stronger acid with the first ex- 
traction, but the results of the succeeding extractions are very close 
together. 
' Table 14. 
EFFECT OF STRENGTH OF 'SOLVENT. 
Effect of Strength of Solvent on Extraction of Phosphoric Acia 
Table 14 shows the phosphoric acicl secured by extraction with 
water, N/5 nitric acid, and other solvents. The amount of phos- 
phoric acid increases with the strength of the solvent. The addi- 
tional phosphoric acid secured by the stronger acid comes from the 
more insoluble phosphates, and not from the easily soluhle phos- 
phates. 
EFFECT OF SULPHATE OF LIBIE. 
The effect of sulphate of lime upon several soils was studied. 
Soils were selected which are high in iron, as i t  was found in pre- 
vious work by the writer (Amer. Chem. Journal 23, 1, 1904) that 
snlpllate of lime increased the amount of phosphoric acicl which 
went into solution and also increased the amount of iron dissolved. 
I n  these experiments, one gram of sulphate of lime mas added to 
100 grams soil and the soil extracted with N/5 nitric acicl. At the 
same time, an extraction mas made without the sulphate of lime. 
(See Table 15.) The soils, in all cases, gave darker solutions mhell 
treated with sulphate of lime, indicating a larger solution of iron. 
The results of the esperiments show that the sulphate of lime in- 
creases the solvent action of the nitric acid, both for iron and for 
phosphoric acid. The difference is probably due to the increased 
solubility of the basic pllo~sphntes of iron. We clo not attach any 
Nitric N/p 
-4cid 
- 
13 
8 
31 
11.7 
5 
18 
5.5 
8.5 
. 6.5 
10.5 
19.5 
rater 
11 
1 
4 
0 
2 
5 
0 
2.2 
0 
1 
3.5 
i?< 
3s 
35 
zz 
-
340 
125 
330 
332 
336 
314 
825 
832 
821 
823 
895 
--- 
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hitric ;?T/? 
Acid 
--- 
........ 
. . . . . . . .  
........ 
62 
5 
25 
........ 
........ 
........ 
.. . . . . . .  
Nitric 1.8y 
Acid 
34 
22 
506 
........ 
6 
........ 
............... 
12.5 
23.0 
43.5 
46.5 
The onlv significant point is, whether the addition of sulphate 
of lime mould make phosphoric acid available. The sulphate of 
lime increased the clissolving action of the nitric acid, but this is 
no evidence that i t  has changed the form of combination of the 
phosphates, or that i t  would increase the solvent action of the roots 
upon sucli phosphates. 
SOLUBILITY OF CONSTITUENTS OF THE SOIL. 
The solubility of the constituents of the soil must he considered 
as a factor in the analysis of soils with weak solvents. If any 
quantity of the soil passes into solution, phosphates will be exposed 
to the action of the solvent which mere protected from the action of 
soil moisture and roots, and which are really physically unavailable. 
This factor must be given careful consideration. For example, 
X/5 nitric acid dissolves 320 parts per million of lime (CaO) from 
soil No. 176, while from soil -No. 938 i t  dissolved 53,250 parts, 
which corresponds to nearly 10 p r  cent carbonate of lime. The 
amount of phosphoric acid brought into action through the solution 
of the lime in the soil first named may not be large, but in t h ~  case 
of the second soil, 10 per cent of the soil enters into solution, and 
all the phosphoric acid protected within this 10 per cent is exposed 
to the action of the solvent. This action is further emphasized, in 
the case of the soil just mentioned, by the fact that a second treat- 
ment with acid dissolves 43,400 parts per million of lime addi- 
tional, and a third treatment dissolves 46,360 parts, making a total 
of about 14 per cent of lime clissolved from the soil, corresponding 
to about 25 per cent carbonate of lime. 
This soil, of course, represents an extreme instance, but i t  em- 
phasizes the difference between a calcareous and a non-calcareous 
soil. I n  a non-calcareous soil, the phosphoric acid inclosed within 
the soil particles is protected from the solvent, while in a cal- 
careous soil, that portion of the phosphates included in the cal- 
careous matter diesol~ed by the acid is exposed, and may be djs- 
solved. 
Since the pllosphoric acid dissoired from a non-calcareous soil 
is present on the external surface of the soil grains, anrl accessible 
to the roots of the plants and the action of soil rnoist~~re, while that 
dissolved from calcareous soils is without doubt, in part included 
within the soil grains, and not accessible to plant roots, i t  is 
obvious that calcareous soils map contain a larger quantity of active 
plant food than non-calcareous soils, and yet require fertilization 
with pl~osphatcs on account of the phosphoric acids being protected. 
Two caleareons soils may also contain the same amonnt of active 
plant food, and pet differ in the amount plants can take from them. 
In  one ihe phosphates may be on the extreme surface of tile soil 
grains, in the other i t  may be disseminated through them. 
Calcareous soils are more durablr than non-calcareous soils. This 
may be explained by the Pact that the gradual weathering of such 
soils continually exposes fresh surfaces of phosphatic minerals. 
There are other causes for lhis fact, however. 
"Acid Consumed."-The acid consumed in digesting a soil wit11 
N j 5  nitric acid (or with other acids) may be easily determined, and 
may serve as an approximate measure of the quantity of lime and 
magnesia which enters into solution. 
Our custom has been to express the amount of acid consumed in 
percentage of that used. For example, if 10 c.c. of the acid re- 
qnires 20 c.c. caustic soda to neutralize it before digestion, and IS 
c.c. afterwards, then the acid consumed is 10 per cent. Phenolphtha- 
lein is used as an indicator, so that the acid consumed corresponds 
to.lime and magnesia, and does not include iron and aluminium. 
The following table sl~o(ws the percentages of lime calculated from 
acid consumed. The ratio of soil to acid is 1 : 10, and the acid 
is N/5. 
TABLE 16. 
Bases Corresponding to Acld Consumed. 
1 I 
Per ,rlenl acid bmsumd. / Equivalent to per cent Cme (CsO! 1 Correspmding per cent of diaolved from 8011. carbonate of lime. 
The method for the estimation of the acid consumed is described 
1 as follo~vs: Digest 10 grn. soil for five hours a t  40" vith 100 c.c. 
N./5 nitric acid. Filter. When colcl, measure off 10 c.c., heat to 
boiling, boil three minutes a t  least, and titrate with N/10 caustic 
soda and phenolphthalein. Make a blank on the original nitric acid 
solution, and cnlculate the percentage of acid which was consumed 
by the soil. 
?'his determination is usually made in connection with the esti- 
mation of the phosphoric acid (and potasll) soluble in N/5 nitric 
acid, a portion of the filtrate being used for acid consumed. 
Importance of Acid Cons?lmed.--The "acid consumed" is an in- 
dex of the amount of lime and magnesia clissolved by the nitric ' 
acid, and shows the amount of this material through which the 
phosphoric acid extracted from the soil may have been diffused. 
For example, take two soils containing 50 parts per million of 
phosphoric acid. Suppoqe one consumes 1 per cent of tlze acid, the 
other 50 per cent. In  the first soil, practically all the phosphoric 
ncid is upon the external surface of the soil grains, and accessible 
to plants. I n  the second soil, the 50 parts per million of phos- 
phoric acid may he distrib~~ted through the equivalent of 50,000 
parts per million of carl~onate of lime, How much of tlze phos- 
phoric acid may be esposecl to plant roots in the latter case depencls 
upon the manner of distribution of the phosphoric acid and the 
size of the soil particles. With the same distribution, the smaller 
i l ~ e  soil particlee, the grcaier the exposed surface. 
Percentagcc Div~so7ved b!j TVeak Solvents.-Tahle 17 shows the 
percentzges of silica, oxides of iron and alumina, lime 2nd magnesia 
clissol~ed fro111 certain soils Iny h'/5 nitric acid. There are con- 
siderable differences between the various soils. Silica varies from 
.015 to 0.44 per cent; oxides of iron and alumina from 0.04 to 
1.39; lime frnm .009 to 5.32, and magnesia from 0.016 to 0.19. 
The acid cons~imed varies from 0 to 100 per cent. The greatest 
and most sjpificant variation is ~vi th  the lime. The silica shown 
in the table is that actually dissolved by the solvent. That which 
r a s  set free, but remained undissolt.ed, was not determined. 
Table 18 F ~ O V S  the quanti5 of oxides of iron and alumina, lime, 
and. magnesia dissolved bv weak solvents expressed in percentages 
of t l ~ e  quant i t~  dissolved by hydrochloric acid of 1.115 specific 
gr~lvity (A. 0. A. C. methods). 
It is evident that considerable variation exists between the soh-  
l~ility iil weak solvents of the constituents of various soils. It is 
evide~t  hat, since the clissolvecl material p a p  contain, or protect, 
plant food, ~:T-hjch thus is not exposed to the action of roots, a factor 
of consiclerable compleritv i~ introduced into our interpretation of 
the analy~es of soils with ~ e a k  solvents. It is evident that this 
Eacior cannot be disregarded, but must he studied, and valued. 
TABLE 17. 
Percentages Dissolved by N/S Nitric Acid. 
TABLE 18. 
Material Dissolved by  N/S Nitric Acid i n  Percentage of that Dissolved by  
Strong Hydrochloric Acids. 
h 
5 g c3a 
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934 
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Apparently, i t  is of the greatest, irntmrtance in connection wit11 
calcareous soils. At all events, the difference between calcareous 
and non-calcareons soils is most marked. Rut we are not yet ready 
to state that the differences between the amounts of silicates de- 
composed, and of iron and alumina dissolved may not be of great 
importance in comparing different soils. Suppose, for the sake of 
comparison, we assume that the dissolved material contains 1 per 
cent of phosphoric acid. Then for each 0.01 per cent dissolved, 
1 part per million of phoephoric acid would be exposed to the 
solvent. Then the phosplloric acid exposed IJJT solution of iron and 
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alumina in the eleren soils ~tnclieci (Table 1 2 )  TTTOII~C~ vary from 4 
to 3 39 parts per million; that exposed by the solution of the lime, 
from 3 to 532  per million ; by the magnesia from 2 to 18. It is 
thus evident that the differences might be considerable, and that 
two soils might expose the same amount of the same ltind of phos- 
phates to the plslnt roots ancl yet give np rery different amounts to 
an acid solvent, or they might expose different amounts, and yet 
give up nearly the same quantities. 
It is at  present impossiljle to make any correction for the phos- 
phoric acid exposed by the solvent action of the soil constituents. 
It is a matter which must be carefully considered in connection 
v-it11 soil analyses. 
TABLE 19. 
Material Dissolved by Successive Extractions i n  Parts per Million. 
. . . . . . . . . . . . . . . . . . . . .  Laboratoryuumberofsoil 
Fe,03. .$,03, PaOs: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  First extract~on.. 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Second extraction.. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Third extraction 
. . . . . . . . . . . . . . . . . . . . . . . . .  Fourth extraction.. (!!In. 
Effect of Successive Est?-actionkc.-The amounts of material dis- 
solred by successive extractions mith N/5 nitric acid is shorn in 
Table 19. It is evident that the qnantity dissolved by the second 
extraction may be large, and may continue large for several succes- 
sive extractions. That is to sap, new protecting material may be 
removed and expose new quantities of phosphoric acid to the dis- 
solving medium. This is especially the case if the acid is nearly 
or completely nel~tralizecl during the previous extraction. I n  such 
event a large amount, of lime may enter into the second extract. 
,411 the material dissolved is less in subsequent extractions. The I 
decrease is more rapicl when large quantities are dissolved by the 
first extraction. There appears a iendency towards constancy, the 
ilica at  about 500 parts per million, tlie iron ancl alumina at 
000(?),  the lime at 200, and the magnesia a t  about the same. 
'his statement appli2s only to the soils stuciied (see the table). 
The silica and oxides of iron ancl alumina fall off slowly to about 
one-third in the fourth extraction. The amounts of lime and mag- 
nesia extracted decrease rapidly. Snch mould not be the case mith , 
soils containing less soluble calcium salts. 
Table 20 shows the quantity of material removed from two soils 
"--. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  First extraction. 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Secmd cxtra~tion.  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Third extract,~on 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Fourth extraction.. 
MxO: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  First ~xtraction  
. . . . . . . . . . . . . . . . . . . . . . . . . .  Second extraction.. 
Thirdextractlon .............................. 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Fourth extraction.. 
831 
4,620 
5,000 
2,910 
2,250 
841 
2,670 
1,293 
1,080 
1,010 
27,633 ' 5,318 5,174 
700 
843 
173 
2,106 
308 
431 
174 
3,673 
370 
259 
1,917 
526 
188 
359 
845 
3,370 
3,910 
2,870 
1,9.30 
663 
218 
181 
417 
170 
199 
178 
26,165 
1 , 9 ; 3  
469 
181 
1,764 
736 
7 
345 
I 
-928 
6,010 
3,910 
2,750 
2,050 
25,924 
3,297 
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251 
1,329 
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319 
279 
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2,770 
2,080 
53,249 
43,406 
46,354 
24,.568 
1,156 
1,000 
315 
544 
938 
1,080 
3,990 
4,830 
2,150 
by successive extraction with N/2 and 2 N nitric acid. The dif- 
ferences between the amount of material extracted by the two 
solvents are not as great as one would expect. There is exhibited 
the same tendency that was observed with the weaker solvent to- 
vards a slow falling off in the iron and alumina dissolved, and a 
rapid falling off in  the quantities of lime and magnesia dissolv:>d. 
It would a p p a r  that lime and magnesia are present in  the soil 
(a) as highly soluble compounds, such as carbonates; (b) as mod- 
erately soluble silicates, and (c) silicates of low solubility. The 
iron and alumina compounds differ in solubility, but much less 
than the lime compounds. 
Effect of Concentration of Acid on Solubility.-Table 21  shows 
the effect of different concentrations of nitric acid upon three soils. 
Other results are given in  Table 21. Increasing the concentration 
of the acid increases the amcunt dissolved, but not in proportion to 
the strength of the acid. For instance, making the acid two and 
one-half times stronger (N/5 to Nj2) increased the average 
amount dissolved about 20 per cent. Increasing i t  from N/2 to 
2N, or four times, made an increase of about 25 per cent in the 
dissolved material. 'This is further evidence of the difference in 
the solubility of the compounds of the same element in the soil. 
Eelation of Citric to Nilric Acid.-In order to ascertain what 
differences exist between citric ancl nitric acid, the same soils were 
treated with 1 per cent citric acid and N/5 nitric acid (five hours 
n t  4-0" C.) and the solution subjected to. analvsis. There were 
celebted for this experiment soils which showed differences between 
the quantities of phosphoric acid clissol~ed by the two solvents. 
(See Table 22.) 
TABLE 21. 
Effect of Concentration of Acid on Solubility of Soil Constituent. 
............................................... Averaze.. 0 28 0 36 0.30 
............................................... per cent . . I  i001 i191 135 
125 
3% 
336 
....................................... Silica (dissolved) per cent.. 0.21 0.33 0.49 
................................................ Silica (dsso!d) .  1 0.44 0.52 0.27 
................................................ Silica (d~ssolved)  0.18 0.24 0.37 
---
....................................... xides of iron and alumina. 
....................................... qdes of Iron and a!umina. 
...................................... x~des of iron and alumina.. 
....................................... .... 1 Average.. ,1 . .  
................................................. Per cent 
............................................... 125 Lime.. ,. ......... 
.......................................................... 326 Lime.. 
.......................................................... 336 Lime.. 
............................................... Average.. 
................................................. Per cent 
...................................................... 12.5 Magnesia.. 
....................................................... 326 Magnesia. 
....................................................... 336 Magnesia. 
................................................ Averrtze. 
................................................. Per cent 
125 Phosphoric Acid per million ........................................ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  326 Phosphoric Aci,i per mi,lion.. 
336 Phosphoric Acid per million ........................................ 
The solvent action of citric acid is lower than N/5 nitric acid 
on practically all the soils, The differences are apparent both fo,r 
oxides of iron and al~imiaa, and for magnesia, and all the differ- 
ences are in the same direction. That is to say, in none of these 
soils does the citric acid dissolve more than the nitric acid. 
TABLE 22. 
Relative Solvent Power of Citric and Nitric Acids. 
- 
0.11 
1.39 
0.55 
0.69 
100 
.009 
1.40 
0.34 
0.58 
100 
0.018 
0.06 
.041 
0.040 
100, 
P,O, per million 
---
Citric HNO, 
................ 
9 
---
0.18 
1.43 
0.81 
--- 
0.81 
117 
--- 
.010 
1.37 
0.41 
---- 
0.63 
109 
--- 
0.022 
.0S5 
.O5S 
--
.055 
137 
--- 
Maqnesia 
0.28 
1.76 
1.17 
1.07 
154 
.008 
1.65 
0.43 
0.70 
121 
0.039 
.092 
.090 
- 
.071 
177 .:( 
19 $1 500 
' 9 10 
.09 .31 .22 .20 .02 .03 51 
. O i  .10 .06 .08 .02 .03 
I N':; 
12 12 
-14 .46 .ll .26 .0'2 10 11 
.09 .43 1.90 .436 0.02 74 61 
.07 .I2 .01 .01 .01 12 9 
0.086 0.29 0.35 0.76 .016 ,034 ................ 
178 
180 
103 
110 
125 
* g 6 2
$3 
- 
336 
176 
1%. C ~ t r ~ c  
.01 
.01 
Lime 
-- 
26 
550 
14 
1 
.................... 
.................... 
.................... 
.................... 
.................... 
Averaze per cent.. . 
.................... 
.................... 
N/5 
HNO, 
.045 
.03 
Oxides of iron 
and alumina 
- 
1% Citric 
0.10 
.02 
1% Citric 
0.14 
.03 
N/5 
HNO, 
--------
.34 
.03 
N/5 
HXO, 
0.58 
.04 
SIGNIFICANCE O F  T I I E  PITOSPHORIC ACID DISSOTJCED B T  D I L T T E  
ACIDS. 
I n  tlie preceding pages the fact lias been estal1lisl2ed that the 
phosphoric acid extracted fro111 the soil by X/5 nitric acicl (or 
some otlier weak solvent) does not represent the phosphoric acid 
x-l~ich goes into solution. T h a t  it represents is the conclition of 
equilibrium Letween tlie phosphoric acid ~ l i ~ s o l ~ ~ e ~ l ,  ancl t ie fisinz 
power of the soil for phosphoric acid. Further, the phosphoric 
acid clissolvecl is not alone that upon the surfwe of the soil grains, 
1~1t tliat within such soil particles as are solahle or partly qolnble 
in tlie solvent. - 4 n ~  interpretation of a  oil analysis which leares 
out of consideration these three factors, is liable to be wrong. 
Before making an jnterpretation of tlie nle'aning of the phos- 
phoric acid dissol~ed from a soil by a weak solvent, i t  is necessaq- 
to have the f olloming inforniatio~ :
(1) The qnantitp of extracted pliosphoric acicl. (2)  The acid consumed. 
( 3 )  The fising pover of the soil. 
LTnder esceptional conclitions i t  map be necessary to k n o ~ ~ ,  in acl- 
ditioii : 
(4) The pliosphoric acid extracted hv snccessive extractions. 
( 5 )  Tlie complete composition of the soil extract. 
(6 )  The fisation from the solution of the solvent. 
I ,_Cignij?c~~nce of tit e Disso7vcd Phosphoric A cid.-\Then 10 or l e s ~  
parts per million of pllosphoric acid is present, associated with a 
fising power of less than 50 per cent, and with acid consumed less 
than 90'per cent, i t  indicates that practically none of the phos- 
phoric acid of the soil is present as apatite, calcium phosphate. or 
similar compounds, but must be present as basic phosphates or hasic ' 
aluminium phosphate. 
TTrl~en 10 or  less parts phosphoric acid are present and the soil 
has a high fixing power for pliosl311oric acid (75  r~er  cent or more). 
calcium phosphates map or map not be present. 'T%at is to say, 
our metliolcl. can not in this case distinguish between phosphoric 
acid which goes into solntion from calcium phosphatz and is then 
r ~ r n o ~ e d  hr fixation, and that which comes from the basic plios- 
phates of the soil. Tlie olric-in of the soil mill throw some light 
upon the matter. I f  the soil is geoloyicallv old, the phosplioric 
acid has ~rohahl? all been converted into basic phosphates. If  the 
soil has been recently formed from rock!: containing apatite and 
otlier phosphatic minerals, it is possible that calcium phosphate mar 
still be present. Tn the ma-jorih~ of soils havin'q a high fixing power 
and a low content of phosphoric acid, provided that the!? have not 
become fertilized, the pl~osphoric acid is, probably present as ba~ i c  
iron and alnmjninm phosphates. 
A soil of high fising pon.er such as above mentioned n70ulcl ~ i e l d  
up the same quantity of ljl~osphoric acicl to the sol\-ent, whether 
fertjlizecl or not fertilizecl, unless a ver;l. hearv application of phos- 
phoric acicl has ,been made. One thousand pounds of 16 per cent 
acicl phosphate moulcl represent an application of SO parts per mil- 
lion of phosphoric acicl, and this heavy application ~vould not in- 
crease very much the phoeplloric acid removed from soils of very 
high fixing power. 
,4 soil containing 100 parts per million of phosphoric acicl, wit11 
cl, lorn acicl consumed, and with a fixing power of less than 50, 
probably contains a corresponding amount of calcium phosld~atc 
accessible to ille roots of plants. 
A soil containing 100 parts per million of phosphoric acid, wit11 
an acid consumed of 20 per cent, may or may not expose mucll 
phospl~oric acid to the roots of plants. It is impossible to sap how 
much of it is protectecl by the calcareous material. 
T t  is impossil~le to clistinguish phosphoric acid in  its several dif- 
ferent forms. E1olr example, suppose plots were fertilizecl with 
Thomas phosphate, phosphate roclc, acid phosphate, ancl apatite. 
We coulcl not espect to find a relation between the phosphoric acid 
dissolved from these plots and the crop production. 911 these ma- 
terials moulcl give LIP their phosphoric acid equally ~vell to the 
sol~ent  used. 
For ahout four years we have been making pot esperiments with 
representative Texas soils from diffierent parts of the State. These 
experiments were carried on under varied conditions. TTitl.1 some 
of them the conditions were very 'favorable, while with other groups 
the conditions mere not so suitable. The results are, therefore, not 
comparable one mith another. We can, however, coml?are the crops 
produced on the pots receiving phospl~oric acid with those witl~out 
phosphoric acid. 
From the ~ ~ ~ o r k  pres~nted on the -pre~?ion~ pzges, it appears that 
tlie phosplioric acid dissolved 11y fifth-nornial nitric acici from ;7 
natural soil. in excess of 9 parts per million, as a rule, comes from 
the phosphates oif lime. There ma~r he soils which contain easily- 
soluhle non-hasic phosphates of iron ancl alllminum, hut T T ~ ~  are 
inclined to believe that such soils are exceptional. 
It does not follo~v that soils containing the same quaatity of 
phosphates of lime ehoulcl react in the same manner ton-arcls phos- 
phatic fertilizers, The phospliates may he clifferent in value in 
clifferent soils. 
The  phosphate^ ~.c-ljicl? aye diss01~7ed hy a P O ~ T P ~ ~  1nay be on the 
outside of soil particles, and expcsed to plant roots, or within the 
soil particles, as already pointed out. 
The pl~osplloric acid dissolved from a soil in excess of 8 parts 
per million is, in most cases, present as phosphate of lime. But 
me must make a distinction bctween the phosphate which goes into 
solution and that which is removed in the extract. A portion of the 
dissolved phosphoric acid is withdrawn from sol~~t ion by the soil. 
Reducing it  to its lowest terms, the analysis of a soil with N/5 
nitric acid amo~mts to this: 
Knowing the quantity of phosphoric acid extracted by the solvent, 
and the absorptive power of tlie soil for phosphoric acid, we must 
estimate how niuch phosphate of lime is present in the soil. Then, 
Itnowing the amount of acid consumed, we must judge to what ex- 
tent this phosphate is distributed within the mass of the dissolved 
material, and to what extent it is exposed to the roots of the plants. 
Having estimated the amount of exposed phosphate of lime, we 
have next to inquire ho'w much of i t  is necessary to  make a soil 
fertile? What conditions affect the rate and the quantity of phos- 
phoric acid which these phosphates give up?  Then we have to con- 
sider the probable value of the basic ferric and aluminium phos-* 
phates, which are present, and whether olr not organic phosphates 
may not be in  the soil. Having considered all these questions we 
shall be in a position to interpret the analysis of a soil with N/5 
nitric acid. 
CONDITTONS WHICH AFFECT PRODUCTION I N  POTS. 
Jn  pot experiments, the attempt is made to keep all conditions 
constant except. the one to be tested, maintaining the others as fa- 
. rorable as possible. It is, however, impossible to maintain only one 
variable. The main variable may be predominant, but there are 
others to be considered. Suppose, for example, we are studying 
the effect of acid phosphate on the soil, as is the case with much of 
the work here presented. We applv a complete fertilizer containing I phosphoric acid, potash, and nitrogen, and compare its effect with 
a sample to which potash and nitrogen onlv are added. The vari- I able is thus, phosphoric acid. Bnt in addition the phosphoric acid 
may undoubtedly affect the bacterial life in the soil, and this effect 
map conceivably be either favorable or unfavorable to the develop- 
ment of the plant. The effect upon the bacterial life may vary in 
different soils. The phosphatic fertilizer may also have some effect 
upon the reaction of the soil, according to the kind of material 
used, and this may vary from soil to soil. It is quite possible that 
these secondary reactions may on some soils have greater effect 
than the primary one, namely, the presence or absence of the phos- 
phoric acid. It is obvious, however, that some controlling condi- 
tion must limit the size of the crop in  pot experiments, either the 
season and climatic conditions, the soil, or soil conditions. Sup- 
pose the conditions are so favorable that the phosphoric acid in the 
soil and fertilizer, together, becomes the controlling condition. It 
is obvious that the phosphoric acid of the soil can not alone force 
as large a production as the fertilized mil, so that the soil must 
appear deficient. The soil majT be an excellent one, and able to 
vield good crops without fertilizers, but if in  our pot experiments 
ither conditions are so favorable that the total and largest amount of 
phosphoric acid becomes the limiting condition, the soil must appear 
as deficient no matter how good it is. The crop from the unfertil- 
ized soil will be large, but that from the fertilized one will be 
larger. This is, of course, an extreme case. Seasonal conditions 
and the seed will often limit the crop. Yet it is possible in pot 
experiments to demanJ of the soil in  the pot more than very fertile 
soils can accomplish in the field. We shall come back to this 
subject later. 
The coditions under which pot experiments are made are un- 
doubtedly, in some respects, more favorable to the soil than field 
conditions. Same of the conditions may also be less favorable. I n  
our work, the soil is well pulverized, and thus in  a good mechanical 
condition. It is usually air-dry, and it has been shown that air- 
dried soils are perhaps more productive than the same soil not dried. 
The soil is subsentilated, and this is a distinct advantage, especially 
for heavy clavey soils. The temperature in the pots is probably 
hi,gl~er thnn the temperature of the soil in  the field. The applica- 
tion of results of pot experiments to field conditions must be made 
a subject of study. 
91ETEOD OF WORK. 
These pot experiments were not all conducted in exactly the same 
manner, but the general procedure is as follows: 
Washed gravel mas aclded in s~~fficient amounts to an 8-inch 
VTagner pot to make ihe total weight 2 kilograms. Five kilograms 
of soil was then added. The soil had been previolusly pulverized 
in a mooden box with a wooden mallet until it would pass a 3 mm. . 
sieve, gravel being removed. 
The addition of fertilizer consists of 23 grams of acid phosphate, 
1 gram nitrate of soda, and '1 gram sulphate of potash. I n  later 
experiments 1 gram of ammonium nitrate was used in place of . 
nitrate of soda. If the size of the crop appeared to render it neces- 
sary, more nitrate of soda or sulphate of potash was added to the 
pot. They were added in solution, 10 c.c, equals 1 gram, but if 
adcled after planting, the solution was diluted with about 200 c.c. 
of water. . 
The seed m-ere ~veigliecl ont so tliat each pot received the same 
amount of seed vithin 0.1 of a gram. Water mas added to one-half 
the saturation capacity of the soil. If this quantity mas found to 
be too groat, it mas afterwards reduced, l ~ n t  his was the case in 
only a few instances. The pots were n~eighecl, placed on scales 
three times a week, and vater acl(1ecl to restore the loss in ~i-ei<glit. 
If  the plants needed water between these n-eighings, such quantity 
was added as appeared necessary. The object of the weighing was 
to n~nintain as closely as possible a constant aniount of water in the 
soil. 
A few of thc-se experiments xyere conclncterl in a greenhouse be- 
longing to the .Horticultnrai Department, and a numher mere made 
on truclcs covered with wire mosquito netting, The trucks m-ere 
pullecl into the house when a storm threatened. Later experiments 
were made in houses covered wit11 canvas. These honses appear to 
be very well suited to pot experiments under our climatic condi- 
tions. They are much better for this purpose than glass houses for 
the reason that tlie circulation of the air is consiclerahlr better and 
the house does not become so heated as a glass house mould. Some 
of these experiments mere carried on in houses with glass roof and 
canvas sides. This also appears to be a good form of house for 
our climatic conditions. A house wit11 glass top and wire mosquito 
netting sides is also being used. I n  some respects this is better 
than the canvas house, but in other respects i t  is not. The canra.5 
houses are. somewhat cooler. The open house is hotter, hut the 
plants are of hea~ie r  growth than in the canvas house. 
REIIILTIOS O F  D E F T C I E N C I E S  O F  CROPS T O  ACTIVE P H O S P H O R I C  ACID. 
Results of the pot experiments so far as phosphoric acid is con- 
cerned are presented in Table 23. The soils are cliriclecl into s 
number of groups, according to the quantity of actire phnsplloric 
acid contained in them. The nnznl~er of tlie group represents the 
maximum quantity of phosphoric acicl in the soil in milli,crams per 
100 grams. That is to say, Group 1 co~nprises such soils as con- 
tain 10 or less than 10 parts per million of phosphoric acid. or 1 or 
less than 1 milligram phosphoric acicl in 100 grams. I n  Group 2 
are soils containing 10.1 to 20 parts per million. Group 3 contains 
20.1 to 30 parts per million and so on. Some of the groups are not 
represented in our table and soille are' combined, on account of the 
small number of soils contained in them. GroupsKos. 1 and r? 
would hare been larger hut for the fact that pot esperin~ents on 
soils containing less than 20 parts per million of phosphoric acid 
mere cliscontinued in the latter part of our morlc, excepting when t 1 ~  
soil appeared to present soixethinq nnnsual. 

Period of 
growth . 
7-2@- 9 - 8  
7-11- 7-20 
7- 8- 9 - 8  
5-31- 8- 4 
4- 8- 6 - 8  
? 
? 
? 
7-19- 9-10 
7-19- 9-10 
5-11- 8 - 5  
7-19- 9-10 
2 - 6 - 5 8  
10-16-12-18 
4-6-6-11 
9-11-11-2 
1-28-6-4 
10-22-12-18 
4- 6- 7- 6 
9-11-11- 2 
1-28- 6 - 4  
4-17- 6-14 
5-11- 8 - 5  
2- 6- 5- 8 
5- 1- 6-19 
10-16-12-18 
5- 3- 7- 6 
9- 7-11-12 
9-11-11-21 
4-30- 6-23 
10-22-12-18 
4-30- 8-23 
10-22-12-18 
4-30- 6-23 
4-30- 6-23 
Fixing 
power . 
Per 
cent . 
93 
21.1 
81.5 
22.5 
16.0 
84.8 
62.5 
28 
56.4 
56.8 
59.5 
72.1 
2.4 
22.4 
9.6 
28 
75.4 
78 
52 
Group 2 . 
Active 
phos- 
phoric 
acid . 
Per 
million . 
13 
14 
18 
12 
18 
12 
12 
13 
12 
11 
11 
14 
19.0 
15.7 
13.5 
13.7 
11.8 
12 
10 
Acid 
con- 
sumed . 
Per 
cent . 
---- 
15.3 
2.4 
........ 
0 
1.0 
........................ 
........................ 
100 
8.0 
......................... 
24 
........................ 
........................ 
........................ 
2.4 
........................ 
........................ 
........................ 
3.5 
........................ 
. . . . . . . . . . . . . . . . . . . . . . . .  
6.6 
11.5 
................................. 
................................ 
........................ 
0.5 
1.2 
25.0 
1.9 
. . . . . . . . . . . . . . . . . . . . . . . .  
4 
........................ 
2 
4 
Defi- 
clency . 
- 
DD 
DD 
D 
D 
DD 
D 
S 
D 
DD 
D 
DD 
DD 
DD 
S 
DD 
8 
DD 
DD 
DD 
DD 
D 
DD 
DD 
S 
DD 
DD 
D 
DD 
S 
DD 
D 
DD 
DD 
R 
5 g Z$ 
P 
4 2 
- 
97 
131 
141 
180 
314 
332 
334 
340 
816 
817 
834 
859 
913 
937 
1120 
1124 
1126 
1136 
Crop . 
- 
...................................................................... Heavy black rice soil 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Orangeburg fine sand 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Rice soil under cultivation 3 years . . . . . . . . .  , 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Orangeburg fine sandy loam 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Norfolk fine sand 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Houston clay 
............................................................................ Houston loam 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Susquehanna fine sandy loam 
.......................................................................... Laredo fine sand 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Lu&in fine sandy loam 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  orangebuig fine sandy loam 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8431Wabash heavy clay 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Norfolk fine sand , . . . . . . . . . .  
susquehanna fine sandy loam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Orana&urn fine sandy loam 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
~ ~ s ~ $ h a G a  h e  sand 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Winfield fine sandy loam 
Win field fine sand S . 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . .  
Norfolk fine sandy loam S . S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pot experiment . 
- 
NK 
Grams . 
PNK 
Grams . 
3.1 
3.1 
2.4 
15.7 
1.6 
8.6 
8.0 
8.0 
8.5 
4.5 
3.0 
2.0 
0.J 
3.9 
3.9 
3.2 
2.8 
5.0 
12.5 
1.2 
2.0 
3.4 
5.6 
1.4 
31.4 
...... 29.8 Corn 
. 
...... 
13 Corn . . . . . .  
5.1 Mustard ... 
21.0 Corn ...... 
... 4.6 Mustard 
...... 
...... 
6.9 
14.1 
3.6 
21.8 
10.7 
4.5 
14.5 
30.1 
8.5 
12.0 
4.0 
0.1 
10.8 
30.0 
3.7 
3.1 
24.6 
16.1 
3.7 
46.1 
2.6 
Cotton .... 
Corn ...... 
Cotton .... 
Cow peas .. 
Corn ...... 
.. 9.4Cowpeas 
Oats ...... 
Oats ...... 
Corn*. .... ? 
Oats ...... 
...... Corn 
Oats ...... 
1.3Grass . . . .  
... Mustard 
...... 16.2Corn 
3.4Corn ...... 
..... 6.2Grass 
... Mustard 
Corn ...... 
...... Corn 
..... Grass 
...... Corn 
corn . . . . . .  
Whcat .... 
Corn ...... 
Mustard ... 
1586 San Jacinto clay ........................................... 
1587 San Jacinto clay 8 . E ....................................... 
1.588 Lufkin sandy loam ......................................... 
1589 Lufkin sandy loarn P . S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I593 D e e ~  S. S . to 1588 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1591 Lufkin sand .............................................. 
1130 Lufkin silt loam ........................................... 
Average (corn) .................................... 
*Not dry. second weighing (moulded) 13.2 gm . 
45.5 
7.2 
9.7 
10.2 
9.3 
8.7 
5.1 
4.2 
7.5 
29 
20.5 
...... Corn 
Mustard ... 
Mu~tard ... 
hlustnrd ... 
Mustard ... 
Mustard ... 
Mustard ... 
Mustard ... 
... Mustard 
Corn ...... 
4-30- 6-23 
9-15-11- 3 
9-15-1 1- 3 
9-15-11- 3 
9-15-11- 3 
9-15-11- 3 
9-15-11- 3 
9-15-11- 3 
9-15-11- 3 
4 - 3 6  6-23 


Groups 5 and 6. 
Groups 7 and 8. 
Active 
phos- 
phoric 
acid. 
Per 
million. 
129 Lufkin clay.. ............................. 
211 Probably Norfolk sand or fine sand.. . . . . . . . .  
Pot experiment. 
Acid con- Fixing power 
aumed. Per 
Per cent. NH P N K  
cent. Grams. Grams. 
% I 
818 Wabash fine sandy loam.. ............... 
1134 hTorfolk fine sand S. S.. ................. 
3.3 
4.9 
7.5 
433.1 
29.4 
6.6 
16.0 
10.2 
10.4 
9.0 
29.0 
2.2 
5.9 
6.2 
6.7 
6.5 
13.2 
50.9 
8.1 
9.9 
12.0 
4.0 
13.0 
-
20.9 
1205 Houston loam S. S.. . . . . . . . . . . . . . . . . . . . . . . .  I 
Cotton.. .. 
Corn. ..... 
Oak..  .... 
Corn.. .... 
Corn.. .... 
Mustard.. . 
Corn. ..... 
Mustard.. . 
Mustard.. . 
Mustard.. . 
Corn.. .... 
.... Corn.. 
Grass. .... 
Corn.. .... 
Grass.. ... 
Corn. ..... 
Mustard.. . 
Corn. ..... 
Mustard.. . 
Mustard.. . 
Mustard.. . 
Mustard.. . 
Mustard. .. 
1597 Yazoo sandy loam. . . . . . . . . . . . . . . . . . . . . .  
1598 Yazoo aandy loam S. S.. . . . . . . . . . . . . . . . .  
833 Laredo fine sandy loam.. . . . . . . . . . . . . . . . .  
I . . . . . . . . . . . . . . . . . . . .  932 Miller silt loam.. : 
. . . . . . . . . . . . . . . . . . . . . .  939 Houston black clay.. I 
1581 Houston black clay loam P. S.. . . . . . . . . . . . . .  
1593 Houston black clay.. . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  1596 Austln clay S. S.. 
1599 Houston black clay.. ...................... 
I Average (corn). . . . . . . . . . . .  
Groups 9 and 10 and 11 and 16. 
2s  
$5 
- 
933 
. 1579 
15811 
1660 
318 
1122 
1133 
338 
Pot experiment. 
1203 
845 
1206 
182 
Crop. 
- 
Corn.. .... 
.... Grass. 
Mustard.. . 
Mustard.. . 
Mustard.. . 
Mustard.. . 
...... 4.9Corn 
2.6Cowpeas.. 
. . . .  Oats.. 
. . . .  Corn.. 
Corn.. .... 
.. Mustard 
rn.... 
.... Oats.. 
--- 
NK 
Grams. 
-- 
5.0 
0.4 
12.3 
6.5 
8.0 
10.1 
3.4 
3.2 
6.0 
2.0 
25.3 
5.0 
7.1 
2.0 
---- 
Active 
phog- 
phoric 
acid. 
Per 
million. 
Fcriod of 
growth. 
-- 
9-11-11-12 
1-28- 6- 3 
10-16-12-18 
9-15-11- 3 
9-15-11- 3 
9-15-11- 3 
5-7-6-23 
? 
? 
4-30-- 6-23 
4-27- 6-18 
10-22-12-18 
1-19-9-10 
7-19- 9-10 
Corn.. 
. Mustard.. 
Corn.. .... 
.... Corn.. 
.... Grass. 
.... Corn.. 
Corn.. .... 
4.4Cowpeas.. 
... Grass.. 
. Mustard.. 
Defi- 
ciency. 
PNK 
Grama. 
- 
3.1 
5.5 
15.9 
10.2 
11.0 
11.1 
6.9 
24.3 
. 15.9 
5.0 
12.OCo 
5.9 
...................... 
................ 
10-22-12-18 
5- 1- 6-19 
9- 4-11-12 
1-28- 6- 4 
4-30- 6-23 
4-18- 6- 8 
? 
3-27- 6- 3 
10-16-12-18 
Table A--Group 9: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Rastrop clay.. 
- 
Norfolk silt loam.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Houston black clay loam.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Houston black clay S. S. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Table A-Group 10: 
Lufkin fine sand. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hagenaport loam S. S. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Norfolk fine sand.. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Yazoo clay.. 
Acid 
con- 
sumed. 
Per 
cent. 
12.0 
29.7 
6.8 
29.2 
8.0 
9.9 
17.5 
3.6 
1.1 
18.2 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Average Group8 9 and 10 
Table A- Group 11: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Houston clay S. S..  
Table A-Group 13: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Wabash silt loam.. 
Nueces fine sandy loam.. . . . . . . . . . . . . . . . . . . . . . . . . .  :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Table A--Group 15: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Yaroo clay.. 
Fixing 
power. 
Per 
cent. 
S 
DD 
D 
D 
D 
S 
D 
S 
D 
DD 
87.7 
87 
84 
69 
98 
99 
DD 
D 
S 
S 
D 
S 
D 
S 
D 
S 
S 92.5 
S 
D 
DD :. 
33.9 
43 
........................ 
10 
........................ 
........................ 
4 
55 
........................ 
........................ 
........................ 
103 
120.2 
125 
142 
1.0 
........................ 
. . . . . . . . . . . . . . . . . . . . . . . .  
40.4 
68.7 
25.3 
2 
........................ 
. . . . . . . . . . . . . . . . . . . . . . . .  
1 
77.3 
62.6 
56.6 
75.4 
9.2 
97.6 
3.3 
. . . . . . . . . . . . . . . . . . . . . . . .  
9 6 . 9 1 0 0  
...................... 
56.8 8.6 
12.0 
63.3 
61.9 
62.1 
7.6 
96.9 
6.0 
5.4 
21.8 
11.5 
7.5 
16.2 
2.5 
4.0 
.8 
20.2 
Table A-broup 16: 
........................................................................ 
.......................................................................... Touston loam.. 
iustin clay.. ............................................................................ 
3ouaton clay.. .......................................................................... 
Average (corn) Groups 11 to 19.. ............................................. 
.... 30.6 89.6 36.0 47.8 Corn.. 4-30- 6-23 
. . . . . . . . . . . . . . . . .  21 37 61 13.2 4.4~Corri... . . .  Mustard .  4-30- -3  10-22-12-18 
................. 7.7 Mustard.. . 10-22-12-18 
4.0 22.2 9.9 Mustard.. . 9-15-11- 3 
.... 47 70.8 36.3 Corn.. 4-30- 6-23 
. ............... 7.3 Mustard.. 10-22-12-18 
----
26.4 56.1 ?:I 23.1 ......... 1 ............ 
droups 32 t o  60. 
h $3 
E 8 
a 3 
zz 
- 
934 
. 159 
827 
831 
912 
938 
976 
I Active phos- 
phoric 
acid. 
Per 
million. 
313.7 
350 
392 
. 393 
415.3 
419.7 
752.5 
Table A--Group 32: 
Wabssh clay.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Group 35: 
Fine red incoherent sand. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Table A--Group 39: 
Laredo silt loam.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Table A--Group 40: 
Laredo silty clay.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Group 42: 
Bastrop sandy loam.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Austin fine sandy loam.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Average Groups 32 to 42. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Table A--Group 60: 
Soil.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
-- 
Defi- 
ciency. 
S 
D 
S 
DD 
D 
S 
D 
D 
S 
S 
S 
DD 
DD 
S 
D 
D 
Acid 
con- 
sumed. 
Per 
cent. 
2.0 
........................ 
42.0 
84.2 
........................ 
........................ 
53.4 
........................ 
........................ 
19.5 
. . . . . . . . . . . . . . . . . . . . . . . .  
99.5 
......................... 
. . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . .  
50.1 
28.7 
Fixing 
power. 
Per 
cent. 
----------- 
69.1 
16.9 
47.5 
72.4 
32.4 
29.3 
43.6 
51.1 
Pot experiment. 
PP 
Crop. 
Corn,. . . . .  
5.1Gracis ..... 
Cotton :... 
Corn.. . . . .  
... Grass.. 
. Mustard.. 
Corn.. . . . .  
.... 1.9Wheat 
..... Corn. 
. . . . .  Corn. 
...... 47.7Corn 
. . . .  Corn.. 
..... 3.0Wheat 
...... 40.4Corn 
. Mustard.. 
Mustard.. . 
NK 
Grams 
6.7 
3.4 
4.0 
4.3 
2.1 
6.9 
53.3 
1.1 
48.9 
4.2 
56.2 
2.3 
0.9 
37.7 
8.5 
---- 
26.7 
4.9 
Period of 
growth. 
9-11-11-12 
1-28-6-3 
7-19-A 9-10 
4- 6- 6-11 
1-28- 6- 4 
10-22-12-18 
4-17- 7- 6 
2 -6 -5 -8  
5-11- 8- 5 
9- 7-11-12 
5-12-8-2 
9-11-11-12 
2-6-5-8 
5-11-8-5 
10-16-12-18 
10-22-12-18 
PNK 
Grams. 
5.6 
4.4 
15.5 
3.5 
7.5 
60.0 
46.9 
4.2 
8.8 
6.5 
28.6 
7.6 

erlj 
disc 
3iscussio: 
ble. Thc 
I n  the following ( n we will consider all the crops which 
are shown in the tal 2re are some crops which should prop- 
be excluded. These will be eliminated in connection with the 
mssion of the soil deficiencies, but not here. We must also re- 
aber, in this connection, that on some soils, foui crops were 
,--wn i nd  on others only one. But we are dealing here with in- 
dividual crops, and not with the soil, which is left to a later sec- 
tion. 
A crop is regarded as very-deficient (DD) if it is only 50 per 
cent or less, of the completely fertilized crop. I f  it is less tha- 
per cent it is considered defi-ent (D).  I f  more than 90 per ci 
is considered as not deficient (S). 
A sumrtlary of the results is presented in Table 24. 
Observing first the deficient crops, we find a large numbc 
Groups I and 2, that is to say, in soils containing less than 20 
per million of active phosphoric acid. I n  Group 3 there is a 
termediate number. The number decreases more or less irre,g;u: 
71 
proc 
gin 
u l a ~  
er in 
parts 
n in- 
larlv. 
These facts are brought out more clearly when we observe the 
centage of very deficient crops. This percentage decreases . 
larly to.Group 8, after which the results are somewhat irregul 
The nnmber of deficient crops is, of course, related to the nu 
very deficient, as well as to those containing sufficient phosp 
acid. It increases up to the eighth group, and the increase is 
ular if we exclude Group 4. 
The number of sufficient crops is somewhat irregular, but, o: 
whole, increases as the quantity of phosphoric acid extracted f r  
the soil increases. The highest percentages are in Groups 11-19 
These facts are also ~hown graphically in the curve of Pig. 3. 
Relation to Weight of Crop.-The size of the crop depends u] 
climatic conditions and the period of growth allowed. The cr 
are grown under varied conditions, so that we cannot comp 
weights directly, yet it is somewhat striking to observe that wllllc 
the crop with complete fertilizer varies, the average crop without 
phosphoric acid increases up to the eighth group. This, of course, 
may be to some extent accidental. 
'he crops produced with no phosphoric acid, divided by the I 
duced with the complete fertilizer, expressed in percen 
ts fairer means of comparison. This percentage increases 
.ly with the a~nount  of active phosphoric acid in the soil thr 
the entire series, with the exception of Groups 7-8 and 11-3 9.   he 
difference between Groups 5-10 is very small, however, and the 
deficienc~ of Groups 7-8 is slight. 
These results are also brought out in the curve (Fig. 3) .  
per- 
regu- 
ar. 
-LA- 11lIJcl- 
horic 
reg- 
OP?  
are 
,:In 
erops 
tages 
reg- 
ough 
m a r ,  LE -NO. 24-Summary of Pot Experiments. 
Corn crop, average weight: 
..................... KN grams.. 
K P N  grams.. ................... 
Crops averaged.. ............. 
Percentage, S... ............................. 
I Groups. I 1 1 2 1 3 1 4 15 and 6 / 7 and 8 19 and 10111 to 19132 to 421 60 
The merage corn crop is clearly related to the quantity of active 
phospl~oric acid in the soil. Soils containing less than 80 pr t s  per 
million of active phosphoric acid are highly deficient in this form of 
plant food for corn. Soils containing up to 190 parts per million 
are deficient. 
If the soils contain less than 30 parts per million, about 90 per 
cent o f  the crops are deficient; if between 30 and 80, from '70 to 
83 per cent are deficient. Over 80 parts per million, the probabil- 
ity of a deficient crop decreases from 65 to 44, but the number of 
soils studied containing thia quantity is too sniall to draw decisive 
conclusions. 
DEFICIENCIES FOR SOILS. 
The conclusions 'in the preceding sections were drawn from 8 
consideration of all the crops g rom in the experiments, without 
regard to the number grown upon the same soil, the size of the crop, 
or other conditions which should be considered. I n  this part of the 
Bulletin, we will form our judgment as to the needs of the soil, 
from these experiments which are, in our opinion, entitled to the 
most weight. In  sorne cases, the crops are so small as to be of 
doubtful value, while in others conditions were unfavorable to par- 
ticular crops. 
We place the most emphasis upon the results with the corn crop, 
because this crop was; on the whole, the most satisfactory, and more + 
crops of this kind were grown than of any other. Hence, when the 
results oif the tests on the same soil are inconsistent, we attach more 
weight to the corn experinlent than to the others. Some of the 
grass and wheat experiments are of little value. Seasonal condi- 
tions were, as a whole, not very favorable to good results while 
these crops were being grown. One series of corn c rop  was grnmn 
in the fall. The cool weather caused the corn to grow much : 
poorly than i t  does in the spring or fall. 
The corn crop appears to be, on the whole, more sensiti~ 
phosphoric acid than other crops. Where corn is very deficient, 
mustard is only deficient. A sufficient number of comparisons has 
not been made to warrant definite statements regarding the ability 
of various plants to assimilate phosphates, but this phase of the 
matter is being studied. 
After due consideration, we have decided that the deficienci 
the soils are as shown in the following table, This table con 
all the soils of Table 23, excepting one or two eleminated fo- 
reasons given above. (See Table 25.) 
TABLE NO. 26-Deficiencies of Soils. 
L V  vv - 
more 
es of 
tains 
r tho 
DD 1 D 
Very deficient. I Deficient 
The results of this table are combined in Table 26, in which the 
number of soils decided to be very deficient, deficient, and not 
deficient, a n  given. Also the percentages are given of the total 
number in the group. 
Of the 38 soils containing less than 20 parts per million of a 
phosphoric acid, we find 32 highly deficient, 5 deficient, and 1 
Group 1 . .  
Group 2..  
Group 3. .  
Group 4 . .  
Group 5 . .  
Group 6 . .  
Group 7 . .  
Group 8 . .  
Group 9 . .  
Group 10. .  
Group 11.. 
Group 13.. 
Group 15.. 
Group 16. .  
Group 19.. 
Group 32. 
Group 35.. 
Group39.. 
Group 40.. 
Group 42.. 
Group 60.. 
lctive 
suffi- 
1589 
1578 
910 
940,! 
......... 
1600 
1133 
845,1206 
182 
1204 
934 
I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ...... 159 
...................................................... 827. . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ...... 831 
938.. . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ...... . .  1 6 . .  lg!?. ........ 
306, 310,316,324,336,344,819,820,821, 
822 850 1138. 
97 i 3 1  $14 334 340 816 817 834 
858, l i20,  i126,'113i, 11h0, i587, isgo, 
1130 915 1124. 
108, k32, '860,941,1592,111Q. 1247.. . . .  
............................... 172.. 
.................................... 
............................... 133.. 
.. . . . .  129.. ....................... ,. : 
............................... 833.. 
.......................... : . . . . . . . . .  
.............................. 1122.. 
1203. . .  
. . . . . .  :. 
...... 
......  ...... 
. . . . . .  . . . . . .  
....... 
....................................... 173,342.. 
. . . . . . . . . . . . . . . . . . . . . . .  843,141,180,332.. 
76,135,137,174,178,829,S93,911,1123, 
159 4. 
................ 328,330,1577,1582.. 
.................................. 127, 128 
........................... 134 851.. 
............ 211: 818, 1134, 1205, 1597,1598. 
932 939 982 1581 1593 1596,1599 
933: 1574,15$0.. . .: ... .: ............. 
........................... 318,338.. 
...................................................... 
... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.......................................... 
......................... 1131, 1595.. 
.......................................... 1202.. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
cient. The sufficient soil (No. 1589) had only one pot experiment 
made on it, and the results might very possibly have been different 
had more 'tests been made. We have already seen that the corn crop 
produced on soils of these groups with no phosphoric acid are only 
from 19 to 26 per cent, respectively, of the crop with phosphoric 
acid. 
Soi ls  containing 20 parts per mil l ion,  or less, of active p7zosphom'c 
acid are hig7~l y deficient in ph osp7zoric a.cid. 
Considering the table further, we find that the percentage of very 
deficient soils decreases rapidly from 87 per cent in the first group 
to 14 per cent in the fourth, after which it decreases slowly to the 
11-17 group, after which there is a sudden increase. One soil, how- 
ever, makes a great difference in the percentage in  these groups. 
TABLE NO. 26-Number and Percentage of Deficient Soils Grouped Ac- 
cording to Content of ACtlVe Phosphoric Acid. 
The percentage of non-deficient soils increases with fair re{ 
laritjr throughout the table, though there are some breaks, nota' 
in Group 7-8, all soils in which are deficient. 
I n  Groups 3 to 10 are 55 soils, 12 of which are very deficient, 
37 are deficient, and 6 appear to yield sufficient phosphoric acid. 
That is to say, abouk 11 per cent are not deficient. The average 
corn crop without phosphoric acid is from 34 to 71 per cent of that 
with phosphoric acid. We feel justified in drawing the following 
conclusion : 
Soils containing from 30 to 100 parts per million of phosphoric: 
acid soluble in N/5 nitric acid, are, as a rule, deficient in  phos- 
phoric acid, and the extent of their deficiency is related to the 
qliantitg of active phosphoric acid. 
Group 11-19 contains only 11 soils. Nearly 50 per cent are not 
deficient. We draw the following conclusion, subject to modifica- 
tion when a larger number of soils are studied: 
qnils containing from 100 to 200 parts per million of active 
Group 
No. 1 ...................................... 
No. 2 ....................................... 
No. 3. ....................................... 
No. 4.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
No.5and6 .................................. 
No. 7 and 8.. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
No. 9 and 10 ................................. 1 5 
No.11-19 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5 9 45 46 
No. 32-42.. 0 0 66 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
................................... Total 
Number of soils 
- 
Percentage of soils 
DD 
- - - -  
87 
83 
39 
14 
14 
13 
S 
0 
1 
1 
1 
2 
0 
DD 
13 
19 
7 
1 
1 
2 
D 
2 
3 
10 
5 
4 
13 
D l  a 
13 
12 
55 
71 
57 
87 
0 
4 
6 
15 
28 
0 
phosphoric acid are possibly deficient. in phosphoric acid, the chances 
being even that they are or are not deficient. That is, of 10 soils 
in these groups, 5 will probably respond to phosphatic fertilizers. 
Groups 32 to 42 contain only 6 soils. Such soils are likely not 
to be deficient in  phosplloric acid, but the conclusion is likewise sub- 
ject to modification from further study. 
RELATION O F  ACID CONSUMED AND FIXATION FOR PHOSPHORIC ACID. 
The preceding discussion was based upon the phosphoric acid 
taken from the soil without regard to the fixing power or acid 
consumed. These values are given in Table 24, and their effect 
upon the results of the work will be discussed in  this section. 
A summary of the results is presented in Table 27. 'There ;Q nn 
general relation between the acid consumed, and the fixing pow 
the soil in the different ,groups, beyond the fact that average ' 
consum~d" in the first bvo groups is considerably lower than i 
the others. That is to say, the soils of. this gronp are, as a rule, 
non-calcareous, although calcareous soils are found within the 
group. The soils of the other groups, on an average, neutralize 25 
per cent of the acid, and contain the equivalent of 2.5 per cent 
carbonate of lime. We consider such soils as calcareous. Y - -  
calcareous soils are, however, found in all the groups. 
Table 27 also shows percentage of acid consumed by the 
which do not conform to the general behavior of the soil as re&---- 
deficiency. For Group 1 and 2, the soils behave as highly deficient; 
so soils which ar2 deficient, or not deficient, are considered as ex- 
ceptional soils for these groups. I n  Groups 3-10 the soils are pre- 
vailingly deficient ; so soils which are very deficient, or not deficient, 
are considered as exceptional. Soils very deficient are considered as 
exceptional in Groups 11-19 and 32-42. 
We find in the table two exceptional soils in Group I, having acid 
consumed of 0 and 2, respectively. In Group 2 there are 4 e: 
tional soils, with acid consumed of 0, 100, 5, and unknown. 
The greater the acid consumed, the more soil material is bro 
into solution by the solvent, and the greater the probability tha- ---- 
dissolved material has exposed some of the protected soil phos- 
phates. A hiqh or very high acid consumed ~hould, therefore, indi- 
cate the possibility that the soil may belong to n lower group than 
that in which it is placed. 
I n  Groups 1-12, we find 3 of the exceptional soils with low acid 
consumed, and 1 with high. The former might be expected, the 
latter is indeed excepti6nal. 
I n  Group 3-10, we find all the very deficient soils to be all soils 
of low acid consuming power, much lower than the average. Two 
of the not-deficient soils have an acid consuming power higher 
than the average for the group, and 4 are lower. No general con- 
clusions can be drawn from this data. 
The results for fixing power are tabulated in Table 88. No re- 
lation can be seen between the group to which the soil belongs, and 
its fixing power. 
The fixing power of a soil tends to place it in a higher group 
than the one in which it is found. The higher the fixing power, the 
greater the correction. 
No relation can be traced between the percentages fixed by the 
exceptional soil, and ~ l a t j o n  of the exceptional soil to the others. 
If we attempt to correct for the fixing power of the soil, we find, 
in some cases, no great change, only from one p u p  to the next 
one. There are, however, soils on which a considerable change will 
be found, but on some of these the calcareous matter dissolved in- 
dicates that they really belong in a lower group. As we have al- 
ready stated, we are unable to correct for acid consumed. 
Tn Group 1, soils 336 and 1138 would probably be changed to 
Group 4 by coi~ection for fixation, though reduced by acid con- 
sumed. Both these soils are very deficient, and evidently belong to 
Group 1. Since the phosphates dissolved in Group 1 do not prob- 
ably come from calciiim phosphates, we believe no correction should 
be made in this .group. 
I n  Group 2, soils 141, 332, 1583, 1587, 1590 would be perhaps 
raised to Groups 4-8 by correction for fixation. Three of these 
soils are deficient, and two are very deficient. Since a large part 
of the phosphates dissolved comes from phosphates of iron and 
aluminium, we are doubtful about making a, correction. 
I n  Group 3, soils 829, 832, 941, 1207 would be raised to Groups 
4-10 by correction for fixation. Three of these soils are very de- 
ficient, and 1 is deficieni-. It ~vould appear that the correction 
should not be made. 
I n  Group 4-8, 1 soil, 982, mouid be raised considerably in rank 
by correction for fisation. It. would appear from the above, that 
correction for fixation should not be made in applying the analyses 
of the soil to the results of pot experiments. We believe, however, 
that the fixation and acid consumed should be taken into consid- 
,,,L:, n. The matter i~ n-orthy of further study. 
TABLE NO. 37-Relation of "Acid Consumed" to Soil DeflciencY. 
_ _  - -  .--- _- 
Acid consume.d-Number of soils: 
L o ~ ~ b e l o w  5%'. ...,.................................................................. 
Medlum-5-10%. ...................................................................... 
High-10-25%. ........................................................................ 
Very high--ever 25%. .................................................................. 
Not given.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Percentage consumed: 
Maximum ............................................................................. 
Minimum.. ............................................................................ 
......................................................................... Averagr.. 
Percentage consumed by exceptional soils: 
........................................................................................................... DD 
D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
s .........................,......................................................... :. 
Groups. 
-- 
32-42 
1 
0 
. 1  
4 
0 
99.5 
2.0 
50.1 
84.2- 
99.5 
"" '  
. . . . . . . . . . .  
11-19 
2 
1 
1 
4 
0 
55 
4.0 
26.8 
43 
7-8 I 9-10 
1 I 2 ( 3 
%%I..... 
3 
2 
0 
9 
1 
100 
2.0 
47.6 
6.1- 
7.5 
12 
1 
1 
1 
0 
100 
0 
9.6 
-- 
, 4 I M 
4 
0 
0 
4 
0 
100 
1.0 
33.9 
1. 
2 
0 
1 
4 
0 
100 
0 
50.7 
1.9 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 7 . ~ 4 ~ 5 - 1  . . . . . . . .  
0-2 0-100 
. . . . . . . .  ( 5 
1 
2 
3 
2 
0 
100 
3.0 
. _ _ _ - - - -  
27.6 
6.1 
gg 1 
17 
4 
5 
2 
1 
100 
0 
10.6 
7 
4 
2 
4 
1 
100 
0.9 
24.2 
TABLE NO. 28--Relation of Fixation to Soil Deficiency. 
- - - -__ .  - -- 
- 
Number of soils: 
Very low-below 25%. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Groups. 
-- 
--- 
l I 2  
6 
2 
5 
3 
:, 
87.1 
2.9 
48.3 
4 
4 
l1 
5 
1 
0 
87.5 
2.4 
51.1 
a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Low-2540%. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Medium-5WO%. 1 ; High-8040%. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 Very high-90-100%. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8 
Not made.. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Percentage fixed; 
Maximum.. ........................................................................... 
Minimum .............................................................................. 
Average .......................................................................... 
Percentage fixed by exceptional mila: 
4 
1 
1 
4 
1 
0 
0 
86.7 
14.4 
57.1 
14.4 43 53-51 98 
21-22-84 
........ 75-12 
0 
86 
3.8 
44.3 
Very deficient.. ................................................................................................. 
Deficient. ............................................................................. 
Not definite.. 
.................................................................................. 
1426 
5-6 
1 
2 
5 
0 
0 
0 
74.2 
24.0 
--------- 
52.5 
7-8 
- - _ _ _ . -  
2 
5 
6 
1 
0 
1 
82.0 
5.6 
48.1 
9-10 
2 
0 
5 
0 
1 
0 
97.6 
9.2 
56.8 
11-19 
2 
1 
3 
1 
1 
0 
96.9 
7.6 
56.1 
3 2 4 2  
1 
3 
2 
0 
0 
0 
72.4 
16.9 
43.6 

I'HOSP HORIC ACID REMOVED BY CROPS. 
In a number of the pot experiments sliomln in  Table 23 15-e cleter- 
mined the phosphoric acid in the crop, ancl calculated from this the 
amount of phosphoric acid nlithclrawn frorn the soil which receiv~d 
no acid. 
Assuming that 40 bushels of corn requires 23 pounds of p1 
phoric acid, and a-weighi of 2,000,000 po~ui~cla of soil to the ar 
we haye calc~~latecl the number of bushels of corn which would ue 
produced by the phosphoric acid withdrawn from tllc soil. One 
bushel of corn me estinlate -lo require 0.0015ti grams phosphoric 
acid per pot or 5000 granls of soil. 
l'he results of these calculations are presented in Table 29, : 
a. summary of results in Table 30. We find that the average I 
sible corn crop increases regularly with each group, the only exc 
tion being Groups 9 ancl 10, containing 3 soils and 3 crops. - Xi,- 
here nTe must again call attention to the fact that these crops were 
grown uncler diverse conditions, and the climatic conditions were 
sor~~etirnes not favorable to the crop. But we feel that the relation 
between the average corn possibility and the quantity of active pllos- 
phoric acid in the soil is very significant. 
The first two groups of soils, which are highly deficient in phos- 
phoric ncicl: 11avc an average possihilitv of 4.5 and 12.5 bushels of 
respectively. Groups 3 lo 10, the soils of ~vhich are prevr 
deficient in phosphoric acicl, as we have pointed out. 11; 
rerage corn possibility of 19.7 to 26.5 bushels of corn 
-_ - -the variation is not large. 
Group 11-19 and 32-42 I ~ T - e  an average corc possibility of 50-60 
huqhels per acre. 
We have already pointed out that a soil may be higllly produc- 
. 
tive. and yet appear deficient in a pot experiment. 
f f we consicler the nzn:ri?nztrn corn possibility within the groups, 
we find that, like the avel-age corn possibility, i t  increases with 
the quantity opf phosphoric acid extracted from the soil by N/5 
nitric acid, with the exceptions of Groups 9-10 and 11-19. We 
find a masimum po~sibili ty of 31 bushels in Group 2, from 37 to 
59 in Groups 3-10, and from 94 to 104 in Groups 11-12. 
It appears that soils may provide sufficient phosphoric acid for 
large crops, 2nd yet respond to applications of phosphatic fertil- 
izers. The response may, however, var j  with cliniatic conrlitions. 
We have alreacly pointed out that the application of pot esperi- 
- -- L- to  field conditions is a matter which we sllall study. 
ail- 
ave 
Per 
TABLE NO. 29-Phosphoric Aaid of the Soil. 
Den- 
ciency. 
Series. 
1-06 
J-06 
14-08 
K-06 
M 7  
M 7  
14-08 
LO7 
,Ma7 
Equiva- 
lant to 
corn. 
Bu. per 
acre. 
WeIgLt 
phos-. 
phoric 
acid 
in cr lp. 
Crop. 
Avail- 
ability. 
% 
Period growth. of 
Group 1: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Susquehanna fine sandy loam. 
Orangeburg fine sandy loam.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Corn . . . . . .  
Corn.. . . . .  
Corn.. . . . .  
Corn.. . . . .  
Corn.. . . . .  
Corn.. . . . .  
Gorn ...... 
Corn ...... 
Corn.. . . . .  
Susquehanns fine sandy loam. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Norfolk fine sandy loam.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Orangeburg fine sand. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Norfolk fine sand.. ........................................................................... 
Susquehanna sandy loam. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Avemge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-51 27 
316 Norfolk fine sandy loan. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .0040 14.8 
324 HOU&.CIII loam.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  gg 1 ,320 1 2: 1 64 Corn . . . . . .  Corn.. .... 
Group 2: 
Norfolk fin.: sand . . . . . . . . . .  
Houston laam.. ............ 
Susquehanna fine slaady loam 
.......... Lared:, fine sand.. 
Lufkin fine sandy loam.. .... 
Orangeburg fine sandy loam. 
. . . . . . .  \?'abash heavy clay.. 
Norfnlk fine sand.. . . . . . . . . .  
. . . . . . . . . .  San Jacinto clay.. 
. . . . . . . .  Lufkia sandy loam.. 
Houston ~rtlvelly clay S. S.. . 
Willis sand Z. 8 .  ........... 
Corn.. . . .  
corn.. . . . .  
Corn.. .... 
Corn ...... 
Corn . . . . . .  
Corn.. . . . .  
Corn.. . . . .  
Corn. ..... 
Must,ard.. . 
Must ird . . 
Mue~ard.. . 
Mustard.. . 
Corn.. . . . .  
Group 2: 
829 Houston loam.. . . . . . . . . . . . . . . . . . . . . .  
832 Orangeburg clay.. 
860 Oran~eburg finesand . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Corn.. . . . .  
Corn.. .... 
..... Corn. 

TABLL NU. av-Phosphorlr; ~r ; lu  of the Soil-contlnaou. 
Weight Equiva- 
phos- lent to Avail- 
Defi- phoric corn. ability. Series. Crop. Perbd of 
clency. acid Bu. per O/o  growth. 
in crop. acre. 
1581 Houston Hack clay loam S, S. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9-15-11- 3 
1593 Houston black clay.. 
1598 Yazoo sandy loam S. S.. 
1600 Houston black clay S. S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1597~azoo  sandy loan,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9-15-11- 3 
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Groups 9 and 10: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  318 Lufk~n fine sand.. D .3:% Yazoo clay.. D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1133 Norfolk fine sand.. S 
Groups 11 to 19: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  182 Yazoo clay.. D 
-0131 3 ,ii K-o]corn.. J 06 Corn.. .... 5- 7- 6-23 
. . . .  I 7-19- !FlO 
9-Ob Corn.. . . .  4-22- 6-18 1 
cn 
00 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8451 abash silt loam.. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1202 Houston clay.. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.595 1 busl~n clay. 
.0085 6 1.3 J-06 Corn.. .... 418- 6- 8 1 
. 30-06 Mustard.. 10-16-12-18 
. . .  % lii ) 11-0s M 7~corn.. C rn.  . . . .  I 5- 4 30- 1- 6-19 23 
.0580 26-06 Mustard. .. 9-15-11- 3 
s 
lJ 
D 
,- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I r a g e  I . .  .. ....I,. ..... 1 52.5111.11 1 1 
Groups 32 to 42: 
. . . . . . . . .  827 Laredo sjlt loam.. 
931 Laredo sdty clay. . . . . . . . .  
938 Austin fine sandy loam.. 
9 .i Bastrop sandy loam.. ... 
.. . . . . .  934 Wabash clay.. 
..... 8 M 7  Corn. 4- 6- 6-11 
7 M-07Corn ...... 417-7-6  
...... 4 14-05Corn 5-11-8-5 
5.4 14-06 Corn.. .... 5-11- 8- 5 
...... 7.0 14-0&Corn 5-2-8-2 
. 3.9 30-08 Mustard.. 10-11-12-18 
TABLE NO. 30-Average Corn Possibility and Availability of Phosphoric Aefd 
AVAILBBITAITY OF ACTIVE PHOSPHORIC ACID. 
~ s s u m i G  that the phosphoric acid removed by the crop c o r n  
from the phosphoric acid extracted by X/5 nitric acid, we can 
calculate the percentage of phosplloric acid taken up by the c rop  
from the data given in Table 23. These calculations have beem 
made, and the results are presented in Table 29, a summary be- 
ing given in Table 30. We term the percentage of the active 
phosplloric acid taken up by the crop, its availability. We do not 
wish to say, however, that the phosphoric acid taken up does not 
come from sources other than that soluble in N/5 nitric acid. 
Considering first the average availability, we find it rises fm 
27 to 31.2 in the first three groups. This rise, however, is of 
little significance-we can almost say that the average availability 
is the same for the three groups. 
If the pllosphoric acid dissolved by W/5 nitric acid comes from 
the natural pl~osphates of lime, we can not expect them to have 
a high availability. An average availability of 27-31 per cent for 
the phosphoric ,acid of the first three groups must Iead to the 
conclusion that some of the phosphoric acid taken from the soil 
comes From other sources than that soluble in N/5 nitric acid. 
In other words, the assumption we started with is not justified, at 
least in these three groups of soils. 
The first group of soils, those containing less than ten parts 
per million of active phosphoric acid, probably does not contanin 
any phospl~ate of lime at  all. The 7-10 parts per million of phos- 
phoric acid dissolved represents the solution of a portion of some 
highly insoluble phosphate. The availability of the phosphates 
based upon the portion dissolved, is thus increased. The avaZa- 
bilitp should hc bawd upon the total quantity of ihe insolubIe 
phospliate, ~rhich is not linown. 
The considerations which apply to Group 1 also apply to the 
other groups, their importance decreasing with the grade of the 
group. I n  other word$, some of the phosphoric acid withdrawn 
by crops comes from the less soluble phosphates. It is, of course, 
possible that other phosphates of importance may be present in 
the soil. This is apparent when we consider the high maximum 
availability of the active phosphoric acid in the different groups. 
Khile not decreasing regularly, the percentage availability de- 
creases with the grade of the group. This decrease may be be- 
cause the assumption is incorrect, that the phosphoric acid with- 
drawn comes entirely from the N/5 nitric acid extract. It is 
possible that the availability in the higher groups represents more 
nearly the availability of the active phosphoric acid, than that in 
the lower groups. 
The matter of the availability of the phosphoric acid of the soil 
is being subjected to furthsr study, 
SUAlMARY AND CONCLEBIONS. 
1. The plant food withdrawn from the soil by the plant de- 
pends upon the form of combination of the plant food, its protec- 
tion or non-protection by encrusting particles, the action of weath- 
ering agencies upon it, and the nature of the plant. 
2. The composition of the soil extract, by any solvent, depends 
upon the quantity of the phosphate exposed to the solvent, and its 
solubility under the conditions of the extraction, the solubility of 
the material which protects phosphates, and the fixing ability of 
the soil for plloephoric acid from the solvent in question. 
3. Fifth-normal nitric acid dissolves phosphates of lime com- 
pletely, but dissolves such iron and aluminium phosphates as usual1.y 
occur in the soil only to a slight extent. It thus distinguishes be- 
tween these two classes of compounds in the soil. 
4. Fifth-normal nitric acid may not distinguish between phos- 
phates which have unequal values to plants. Soils should be com- 
pared which probably contain the same kinds of phosphates. 
5. One per cent citric acid has a lower solvent power for min- 
zral phosphates than fifth-normal nitric acid. The solvent pavers 
of other solvents is' discussed. Fifth-normal nitric acid is pre- 
ferred. 
6. Soils absorb phosphoric acid in solution in fifth-normal 
nitric acid, and other solvents. 
7. The percentage of the added phosphoric acid absorbed by 
the soil increases as its content of oxides of iron and aluminium 
increases. 
8. Residues from the extraction of the soil with fifth-normal 
nitric acid and with stronger acids, may have nesrly as great ab- 
sorbing power as the original soil. 
9. The phosphoric acid absorbed by soils is not extracted by 
the first extraction with fifth-normal nitric acid, but its effect is 
evident in the fourth, and sometimes in the sixth, extraction. 
10. Natural soils resemble soils which have received potassium 
phosphate in their behavior: to fifth-normal nitric acid in  succes- 
sive extractions. 
11. Soils containing little or no phosphates of high solubility 
give practically the same amounts of phosphoric acid to successive 
extractions. 
12. Soils wliich have a fixing power of 80 per cent or less, have 
a fixing power of about half as much from N/5 nitric acid solu- 
tion. Soils which have a fixing power over 80, may fix equally 
as high a percentage from fifth-normal nitric acid. 
13. When the significance of the phosphoric acid extracted 
from a soil by fifth-normal nitric acid is to be decided, the fixing 
power of the soil for phosphoric acid, and the acid consumed, 
should also be known. 
14. Sulphate of lime increases the amount of phosphoric asid 
extracted fram soils high in iron. 
15. Calcareous soils ccntain phosphates which are protected 
-by the carbonate of lime from the roots of plants, but which are 
exposed by solution of the carbonate of lime in acid solvents. 
16. The amount of lime and magnesia dissolved may be estj- 
mated from the quantity of acid consumed. 
17. The quantity of material dissolved in second or succeeding 
extractions with acid is sometimes large. 
18. I t  would appear that the lime and magnesia are present in 
highly soluble forms (carbonates and silicates), moderately soluble 
silicates and eilicates of low solubility. 
19. Citric acid dissolves less iron, lime and magnesia, than 
fifth-normal nitric acid. 
20. It would appear that the phosphoric acid dissolved by 
fifth-normal nitric acid in excessl of about ten parts per million 
comes from phosphate of lime. 
21. Judging the amounts of phosphates of lime presented to 
the roots of plants in a given soil, one must allow for the de- 
crease due to absorption, and the increase due to solution of in- 
crusting material, so far as possible. 
22. The author extracts the soil with fifth-normal nitric acid 
without correcting for neutralization. 
23. It is impossible to maintain only one variable in pot ex- 
periments, though one map predominate. Soils maj- appear de- 
k i en t  for phosphoric acid and yet Le highly produztive without 
phosphatic lertilizing. 
24. Soils containing less t ha~ i  20 parts per million of phos- 
phoric acid extracted b!r fifth-normal nitric acid are highly de- 
5cient in phosphoric acid in pot experiments. 
25. Soils from which 20 to 100 parts per million of phosphoric 
acid are estri~ctecl by fifth-normal nitric acid are usually deficient 
~ Q T  phosphoric acid in pot experiments, and the extent of their 
tl&eiency is related to the quantity of phosphoric acid present. 
26. Altho~igh the pot experiments were carried out under 
diverse conditions, the average corn crop is closely related to the 
qmantity of active phosphoric acid in the soil. 
27. Soils containing from 100 to 200 parts per million of active 
phosphoric acid are possibly deficient in phosphoric acid in pot 
experiments, the chances being even that they are or are not de- 
-ficient. 
28. The average possible corn crop, based upon the quantity 
af phosphoric acid extracted from the soil in pot experiment, in- 
creases reLgularly with the amount of active phosphorjc acid ex- 
traded by fifth-normal nitric acicl. 
I 29.  SoiIs containing less than 10 parts per million of phos- 
phoric acid had an average possibilitv of 1.5 bushels corn per acre. 
If they contained 10 to 20 parts, the possibility is 12.3 bushels. 
If they contained 30 to 100 parts, the average possibility is 19.7 
fo 26.3 bushels corn per acre. I f  t'hey contained 110-420 parts 
per million, the average possibility was 50-60 bushels corn per acre. 
30. The maximum possible corn crop also increases directly 
with the quantity of active phosphoric acic! in the soil. 
31. Soils may provide sufficient phosphoric acid for larg~ 7 
and yet respond to phosphoric fertilization in pot experk 
32. Phosphoric acid is taken up bg the crop which c o m t ~  l l v r r l  
&her sources than the active phosphoric acid-especially if the 
mil contain less than thirty parts per million of active phosphoric 
acid- 
33. The phosphoric acid removed bp the crop in percentages of 
the active phosphoric acid, decreases with the quantity of ! 
phosphoric acid in the soil. 
e crops,
Lents. 
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Special mention should 'be made of the services of Xr. E. C!. 
Carlyle in connection with the work here reported. 
